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PREFACE 


This series of documents was prepared over a two year time frame. During 
this time several flight data tapes were lost and were remade to permit the 
necessary analysis. This reinforced the need to archive the data in a more 
permanent form available to investigators. It is hoped that this data 
presented in terms of aerodynamic parameters will prove more beneficial to 
investigators than time history plots of the raw temperature. 
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OEX 
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PSIA 
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RCC 

^®NS 


Re 


STS 

TAEM 

T. „ 

Suk 

TPS 
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Angle of Attack 

Spanwise distance measured from plane of symmetry, 468.3 in. 
Best Estimated Trajectory 

Local wing chord length, 414.6 in. 'or 50% semi-span, 248.1 
in for 80% semi-span 
Specific Heat 

Development Flight Instrumentation 
Body Flag deflection 
Elevon deflection 
Entry Interface 

Flexible Reusable Surface Insulation 
Total enthalpy 

Film heat transfer coefficient 
High-temperature Reusable Surface Insulation 
Johnson Space Center 
Orbiter longitudinal length, 1285 in. 

OMS Pod longitudinal length, 258.5 in. 

Low-temperature Reusable Surface Insulation 

Free stream Mach number 

Orbiter Experiment 

Orbital Maneuvering System 

Pounds per square inch, absolute 

Convective heat rate 

Rei nfcrced carbon-carbon 

Normal shock Reynolds number based on orbiter characteristic 
length 

Free streem Reynolds number based on orbiter characteristic 
length 

Space Transportation System 
Terminal Area Energy Management 
Surface Temperature 
Thermal Protection System 
Longitudinal Length 



x/c 

X/L 

X/Lp 

Y 

Y/b/2 

Z 


Normalized longitudlal length from wing leading edge along 
a semi -span 

Normalized longitudinal length from orbiter nose. 
Normalized longitudinal length from OMS pod forward face 
distance in inches measured from plane of symmetry 
non-dimensional spanwise distance measured from plane of 
symmetry 

Horizontal distance 


Subscripts 

® Free Stream 

NS Normal Shock 
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INTRODUCTION 

The Space Shuttle Orbiter represents the current approach in the design and 
development of hypersonic entry vehicles. This frontier effort can be 
characterized as placing a balanced enphasis on ground characterization 
testing, greater reliance on analytical based software for predictions, and 
experimental /analytical methodology development for subsystem verification. 

Since the flowfields and resultant surface heating for a vehicle with the 
complex geometry of the Orbiter was not well understood a series of ground 
tests were conducted to aid in obtaining better understanding of the flow 
phenomena. Ground tests were conducted in wind tunnels to gain insight 
into the sensitivity of surface heating to angle of attack and Reynolds 
number. It was deduced that adequate characterizations could be derived 
for the hypersonic entry environment by using existing facilities with data 
taken at Mach 8. 

Over 2,000 develojwient flight instruments (DPI) were installed on the first 
flight Orbiter, Columbia, with the majority of the DPI flight data recorded 
during ascent and entry. Additional real-time instrumentation was used to 
continuously monitor the thermal subsystems during each flight. Successful 
completion of the first five flights of the Space Shuttle Orbiter provided 
data from thermocouples, pressure transducers, and radiometers to appraise 
aerotherraodynamic/TPS performance during entry. 

The entry heating data presented in this report include selt^ct measurement 
locations from the available flight data which are compared with data from 
similar locations obtained from wind tunnel tests. These data are 
presented in terms of the dynamic flow field parameters of interest to the 
aerothermodynamist, namely, angle of attack, Mach number, and Reynolds 
number. The objective is not only to archive the flight data, but to aid 
the analyst in bridging the gap between wind tunnel and flight testing, and 
to provide insight into the relative sensitivity of surface heating to 
these parameters. 
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DISCUSSION 


The key to the development of a multi-mission, low cost, weight effective 
Orbital thermal protection system (TPS) was the development of unique 
reusable materials which could withstand tne high temperature environment 
and also be integrated into a system design which could provide adequate 
insulation for the structure and internal systems. The Orbiter TPS 
consists of four different material configurations; coated reinforced 
carbon-carbon (RCC) for nose and wing leading edge areas where entry 
temperatures exceed 2300°F, high-temperature reusable surface insulation 
(HRSI) for temperatures between 1200®F and 2300“F, low-tempe nature reusable 
surface insulation (LRSI) between 700®F and 1200“F, and flexible reusable 
surface insulation (FRSI) for areas with surface tenveratures not exceeding 
700°F. 

Successful completion of the initial five flights of Columbia have provided 
data from radiometers, thermocouples, and pressure transducers to appraise 
the aerothermodynamic envi moment and TPS performance. The majority of the 
DFI were dedicated to various subsystems to support the analysis and 
certification requirements for subsequent flights. The location and 
identification of these instruments can be found in Ref. 1. 

The surface heating rates presented in this volume are based on the thermal 
analysis of temperature measurements via the JSC NONLIN/ INVERSE computer 
program. Ref. 2. These analyses consisted of calculated surface 
temperature and heating rate using embedded thermocouple temperature data. 
With the use of variable thermal properties (as functions of temperature 
and pressure) the effects of radiation loss and internal conduction is 
accounted for in the computation of both surface heating and in-depth 
thermal response. 

The thermal analysis performed for each location and flight was initiated 
at either entry interface (E/I) or at the coiwnencement of recorded data and 
terminated at 2500 seconds after E/I or the cessation of data recording, 
which ever occurred first. The time step size for all analysis was 5 
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seconds. Flight data were sampled at one second intervals and smoothed to 
five second intervals to be consistent with analysis requirements. For 
reference purposes, the critical mission times (E/I, TAEM, and touch down) 
for each flight are provided in Table I. The TPS configuration and 
material thickness were obtained either from Ref. 3 or from undocumented 
personal communications with thermal analyst at NASA/JSC and Rockwell 
International, Downey, California. Baseline thermophysical properties were 
used for all materials and can be found in Ref. 4. All heating rates were 
calculated with a view factor of 1. The surface emissivity on the lower 
windward surface was assumed to be 0.85 while on the lee side the 
emissivity was assumed to be 0.80. 

The TPS performance analysis was influenced by the local pressures used. 

The sensitivity of the pressure transducers on the lower windward surface 
was sufficient to enable accurate calculation of the local surface 
conditions (heating and temperature) and in-depth thermal response. On the 
lee side, however, the full range (0-15 PSIA) pressure transducers did not 
accurately respond prior to approximately Mach 25 or Reji^^ =7 X 10 due to 
the low level of surface pressure. Thus the analysis of the early response 
on the lee side is less accurate in a thermal sense. However from a 
practical viewpoint this insensitivity of the pressure sensors introduced 
an error of less than 5 to 10 percent on the surface heating and 
temperature. The greatest influence of pressure sensitivity is in the 
prediction of bondline structural thermal responses which is not the 
concern of this report. 

On the lower centerline the data for the measurement at X/L=0.95 is not as 
accurate as for other locations. Most of the thermocouples used for 
surface heating and temperature calculations were 0.015 inches from the 
surface. In this location where there was a plug instrumented tile with 
thermocouples at different depths, the first in-depth thermocouple 
malfunctioned for all flights. The next in-depth thermocouple 0.30 inch 
from the surface, was used to calculate the surface heating and 
temperature. The use of data from this depth in combination with the data 
noise approaches the limits of the inverse program to calculate surface 
heating and temperature. Thus the data at this location appears to be more 
noisy and not as accurate as the data at other locations. 
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Values of angle of attack and the derived free stream Mach number were 
obtained from JSC/MPAD Best Estimated Trajectory (BET) data tapes for each 
flight. The corresponding values for normal shock Reynolds number (defined 
in Ref. 5), reference heating rate to a 1-foot sphere, reference film 
coefficient, and total enthalpy were obtained via the MINIVER computer 
program (Ref. 6). 

The heating data presented are in terms of normalized film heat transfer 
coefficients using an approximate flight recovery enthalpy of 0.9 Hj. The 
deduced film heat transfer coefficient for flight data is given by: 

~ ^conv'^^*^*^ ^T “ ^p ^surf^ 

where is the convective heating rate from NONLIN/inverse, Hj is the 

total enthalpy from MINIVER, and the local surface enthalpy is calculated 
as; 


Cp Tjpp, . 0.235 * 9.786 x lO'S 7^^,^ . - 1.5 

where T^yp|r is the surface temperature from NONLIN/INVERSE. 

The objective of this analysis is to compare Orbiter heating rate data from 
flight with wind tunnel data at the same angles of attack and Reynolds 
number to establish whether the sensitivity of heating to these two 
parameters is similar for flight and wind tunnel conditions. It has been 
shown that normal shock Reynolds number (Ref. 5 and 7) can adequately be 
used to correlate wind tunnel data with flight data for entry vehicles such 
as the Apollo and Space Shuttle Orbiter. The advantage of using normal 
shock Reynolds number (Rej^^), as compared to freestream Reynolds number 
(ReJ, is that the Rej^^, to a first order, accounts for the real gas 
effects. The scaling parameter (Re^^/Rep^), determined from the wind tunnel 
test environment at Mach 8, (Ref. 8-11) is 0.1121. Individual comparisons 
of flight and wind tunnel heat transfer coefficient data (0.9 Hj) vs. 
flight parameters (c;., M^„, ROj^^) have been previously reported (Ref. 12-16). 
As an aid to the reader the correlation between freestream and normal shock 
Reynolds numbers at wind tunnel conditions can be seen in Table II. 
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When observing the comparisons presented in this volume and Ref. 12-16 the 
analyst should exercise extreme care in extrapolating the wind tunnel data 
to flight and from this class of vehicles to other vehicle classes. The 
flow field characteristics (dynamics) that are present for wind tunnel 
conditions are significantly different from those existing at hypersonic 
flight conditions. The subscale models exposed to wind tunnel conditions 
are being monitored in an ideal gas environment. The wind tunnel, in order 
to achieve the supersonic velocities required for test purposes, operates 
at relatively low temperatures and enthalpies. At these test conditions 
the flow is chemically non- reacting and the flow energy is in either a 
translation (kinetic) or thermal state. During entry, however, the Orbiter 
TPS is subject to a chemically active environment. In comparison to wind 
tunnel conditions the flight conditions exhibit elevated temperatures and 
enthalpies which causes dissociation of moleciles in the shock layer and 
the possible recombination of the atoms near the surface in the boundary 
layer. Therefore, the flow energy is now distributed in translational, 
thermal, and chemical states. Because the Orbiters TPS surface primary 
constituents are of moderate catalysis with respect to recombination the 
surface chemistry is relatively inert. Thus, the entry heating is 
primarily due to diffusions of thermal energy within the boundary layer. 

The thermal energy can, at times of peak heating, be relatively small 
compared to the energy within the translational and chemical states. 

While the majority of the TPS surface has a moderate surface catalysis 
rate, the surface of several tiles were catalytical ly treated, as part of 
an Orbiter Experiment (OEX) to assess the effect of locally enhanced 
surface catalysis on local aeroheating. The location of these catalytic 
tiles on the lower surface centerline are indicated in Table III for each 
flight. In the X/L distributions the rise in heating due to the locally 
treated catalytic surface is shown as a discontinuity. This inferred jump 
in magnitude is based on a linear interpolation of the heating from the 
adjacent non-catalytic tiles, both forward and aft of the catalytic tile. 
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The heating rate distributions, especially on the lower windward surface, 
tend to demonstrate that the wind tunnel data are conservative relative to 
the heating experienced in flight. The data derived from the catalytic 
tiles illustrate the heating levels that could be anticipated using a more 
chemically active surface. Thus, any agreement between unsealed wind 
tunnel and flight data may be viewed as fortuitous because the wind tunnel 
tests did not simulate these chemical effects. 

It should be stressed that this report is basically portraying experimental 
data only. That is, experii.iental data derived from wind tunnel tests and 
experimental data derived from flight. These comparisons permit the 
analyst to extrapolate, within limitations, from the heating at wind tunnel 
conditions to the aerothermcdynamic heating that exists within the flight 
environment. Within this entry heating data series no attempt has been 
made to correlate flight data with analytical predictions. While this does 
limit, somewhat, the total understanding of the aerothermodynamic entry 
environment it is felt that this series will prove to be invaluable for 
future analysis. Other investigators, however, have attempted to provide 
insight into this entry envi moment by correlating analytical methodologies 
with flight data. A partial list of such investigations can be found in 
Ref. 17-25. 

A complete legend is provided on each plot that identifies the location for 
the heating rate distributions, wind tunnel test conditions, and flight 
data conditions. The wind tunnel data are presented as symbols which are 
identified by test, angle of attack, free stream Mach number, and normal 
shock Reynolds number. The flight data are presented by vector connected 
curves (solid and dashed) and are identified by flight, angle of attack, 
free stream Mach number, normal shock Reynolds number, and time in seconds 
after entry interface. 
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DATA RESULTS 


The entry heating presented in this report is restricted to the lower 
surface centerline, lower wing surface 50% and 80% semi -spans, side 
fuselage (Z-400 trace), side Payload Bay Door (Z=440 trace), upper lee side 
centerline, and QMS pod (trace 3), see Figs. 1-4. The heating rate 
distributions are presented as vs. X/L on the lower and upper 

centerline and side (Z=400 and Z=440 traces), as vs. X/C on the 

lower wing 50% and 80% semi-spans, and h/h^^^ vs. X/Lp on the OMS pod 
(trace 3). All wind tunnel data presented are for 0“ body flap deflection, 
6gp, and elevon deflection, 5^. All wind tunnel data are either taken at 
flight data measurement locations or by linear interpolation to the flight 
data measurement locations as explained in volumes 2-6 (Ref. 12-16). 

The data presented in volumes 2-6 tend to represent the time-history data 
for each DFI analyzed. In contrast, the data in this volume are presented 
in terras of heating rate (^/hpg|r) distributions, and provides a different 
perspective for viewing the same data. By examining heating rate 
distributions the analyst is more able to gain insight into the heating 
characteri sties for this vehicle and is more able to develop and assess the 
sensitivity of the heating distributions to angle of attack and Reynolds 
number. 

Complete flight aata exists only for STS-2, STS-3 and STS-5. The entry 
heating data for STS-1 and STS-4 are available from 1065 seconds and 965 
seconds after entry interface (40C K ft.), respectively. In volumes 2-6 
the flight correlation parameters were given only during the times entry 
heating data were available. In this volume, however, the flight 
correlation parameters for each flight are provided for all entry times of 
interest. In addition to the time history and reference cross plots of a» 
^00 > ^ref’ ^ref volume provides time histories, and 

reference cross plots of Hj and Rej^^/Re^ , as well as, time-history plots 
of the body flap and elevon deflections (right and left) 'Sgj., and 

^E-LH* these correlation parameters .^e presented in Appendix A. 

As an aid to the reader, the page numbers for the specific correlation 
parameters can be found in Table IV. 
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The aerodynamic heating on the Orbiter is influenced by geometry, surface 
roughness, material catalysis, gas phase chemistry, angle of attack, Mach 
number, and Reynolds number. By selectively isolating each parameter the 
sensitivity of the heating can be assessed with respect to the other 
parameters. Geometry has remained unchanged since the same vehicle 
(OV-102) was used for the five DPI flights. The influence of surface 
roughness, and cataltysis can be isolated by comparing the heating 
variations within each flight and between flights. The sensitivities to 
gas phase chemistry and Mach number are difficult to assess because all the 
trajectories were so very similar. However, the trajectories were 
sufficiently different to provide insight into the sensitivities of heating 
as a function of angle of attack and Reynolds number for each flight and 
for all flights in composite. 

Influence of Reynolds Number - Appendix B 
Individual Flights - Constant Angle of Attack 


A comparison of flight and wind tunnel heating rate data showing 

the influence of Rej^^ at 40® angle of attack is presented in Appendix B. 

The page numbers for this data can be found in Table V. This comparison is 

presented for STS-2, STS-3, and STS-5 individually and covers the range 2 x 
4 5 

10 _< Re^jj £ 8 x 10 . This scans the Reynolds numbers range for 
approximately the order of magnitude Reynolds number range prior to wind 
tunnel data through the order of magnitude Reynolds number range that 
include wind tunnel test data. 

The first 48 plots (16 per flight) present individual heating rate 
distributions along the lower windward centerline at each discrete Reynolds 
number. For comparison purposes the closest available wind tunnel data are 
also provided on these plots. In addition to showing the sensitivity to 
Reynolds numbers this data is provided as an aid to investigators in 
assessing the heating levels for the catalytic surfaces over the range of 
entry conditions. The following 42 plots (B49-B90) comparing flight and 
wind tunnel heating data ire segregated into two Reynolds number ranges, 2 
X 10^ £ Re^^j £ 9 X 10^ and 1 x 10^ £ Rej^^ £ 8 x 10^, for each area under 
investigation. 
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The heating rate distribution on the lower centerline remained es:entially 
unchanged with increasing Reynolds number for STS-2 and STS-3. For STS-5, 
however, the heating rate distribution exhibited a dependence on Reynolds 
number, increasing with increasing Reynolds number. The heating for all 
flight data indicates that the flow was laminar through the entire Reynolds 
number range when the vehicle was at 40° angle of attack. In contrast tc 
the flight data the wind tunnel data exhibit a dependence on Reynolds 
nuraoer and go through transition fro.ii laminar to turbulent heating for Rcj^^ 
> 4 X 10*^ aft of X/L = 0.6. This indicates the possible influence of 
tunnel noise on ground test data. 

The influence of Body Flap deflection can be seen for all flignt data. The 
order cf magnitude decrease in heating on the aft end of the Orbiter (0.9 £ 
X/L £ 1.0) is an indication of separated flow. The flow reattaches on the 
Body Flap and causes the heating to increase by 1 to 1 1/2 orders of 
magnitude over the heating in the separated flow region, see Appendix 
A26-A30 for body flap deflections. 

On the lower wing 50% semi-span (Y/b/2 = 0.5) the heating rate distribution 
for STS-2 and STS-3 remained essentially unchanged for the order of 
magnitude Reynolds number range prior to wind tunnel data (2 x 10^ £ Re^^^ £ 
9 X 10^), however, for STS-5 a dependence on Re.^^ can be seen, see 85? and 
B60. For the order of magnitude Reynolds number range that contain the 
wind tunnel data there is an indication cf tcrbulent flow around X/C = 0.6 
for all flights although the flow was laminar at ail other stations. The 
wind tunnel data indicated a dependence on Reynolds number and indicate 

C 

turbulent heating for ROj^^ > 6 x 10 at all stations. The influence of 
eleven heating as a function cf eleven deflection can be seen only for the 
higher Reynolds numbers. The eleven hinge line for the 50% sani-span was 
at X/C = 0.76. 

On the lower wing 80% semi -span (Y/b/2 = 0.8) the heating rate distribution 
was essentially unchanged for all Reynolds numbers for STS-2. Only the 
dat’. at the highest Reynolds numbers > 6 x 10 ), indicate an increase 

in heating on the eleven trailing edge. For this semi-span the eleven 
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hinge was at X/C = 0.71. The first two instruments behind the leading edge 
for STS-3 are suspiciously low and probably should not be used for 
analysis. The heating rate distribution for STS-3, neglectiiig these two 
instruments, is essentially the same as for STS-2 prior to tne elevon 
hinge. The heating on the elevon illustrates the sensitivicy of healing as 
a function of Reynolds number for a 3® elevon deflection on STS-3 that was 
not observed for the 1° deflection on STS-2. 

As with the lower centerline and wing 50% semi-span, the heating on the 80% 
semi-span for SfS-5 shows a dependence on Reynolds number on the decade 
prior to wind tunnel data. The heating distribution through the w^nd 
tunnel data range, however, remained unchanged on the wing witn some 
dependence on the elevon heating levels as a function of the deflection 
angle. The wind tunnel heating data show a dependence on Reynolds number, 
increasing with increasing Reynolds number for Rej^^ > 5 x 10 . The largest 
increase in heating was at X/C =0.6 where the magnitude in heating 
increased approximately by a factor of 2. Transition in the wind tunnel 
occur only at the highest Reynolds number. 

On the lower centerline the flight data tended to agree with the lower 
range wind tunnel data ^ ^ 10^). On the lower wing 50% semi-span 

the flight data tend to agree with lower range wind tunnel data (R6|^ £ 4 x 
10^] forward of X/C = 0.6, with the 5 x 10^ and 6 x 10^ wind tunnel data at 
X/C =0.6, and with the 5 x 10^ wind tunnel data for X/C >0.6. On the 80% 
semi-span the flight data were in close agreement with the lower range wind 
tunnel data (Rej^^ _< 4 x 10^). This represents a close correlation between 
flight and wind tunnel data for laminar flow conditions. In general, 
however, the wind tunnel data tend to be conservative relative to flight 
data. It is interesting to observe that the wind tunnel indicates a much 
earlier transition time (lower Reynolds number) than occurred in flight. 

This may, in part, be attributed to differences in enthalpy, model size, 
wind tunnel noise, and surface chemistry. 
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The side heatir.^ is more difficult to correlate since flow is more directly 
influenced by the upstream effects of the body cur/ature and wing leading 
edge. The flow on the lower surface tends to be characterized as either 
laminar or turbulent, whereas, the flow along the side is characterized 
more in terms of separation and reattachment or vortex flow during entry. 
Trendwise the wi.id tunnel data are conservative forward of X/L = 0.4 and 
tend to underestimate the flight data aft of X/L =0.6, especially with 
increasing Reynolds number. 

For the order of magnitude Reynolds number range prior to wind tunnel data 
the heating distributions along the Z=400 trace show an amazing similarity 
to the windward flight data; that is, relative insensitivity to Reynolds 
number for STS-2 and STS-3, and increase in heating with increase in 
Reynolds number for STS-5. In the decade containing wind tunnel data, 
however, both wind tunnel and flight data show a strong dependence on 
Reynolds number. 

Although a lesser number of instruments were available on the side Payload 
Bay Door (Z=440 trace} the same observations tend to hold as for the Z=400 
trace. The- only difference is that the wind tunnel data tend to be a 
conservative estimate of the flight data forward of X/L = 0.6, and 
underestimates flight data aft of X/L = 0.6. 

On the lee side upper centerline the wind tunnel data overestimate the 
flight data at all Reynolds numbers. On this surface the flow is 
c(S.->pl i cated by the abrupt change in shuttle geometry due to the cabin 
(windshield and canopy). Both flight and wind tunnel data indicate strong 
reattachment on the canopy with an order of magnitude reduction in heating 
aft of the canopy along the Payload Bay doors. Only limited data are 
available for STS-2. However, all flight and wind tunnel data show a 
strong dependence on Reynolds number. Both wind tunnel and flight data 
show similar trends forward of X/L = 0.2. There is a wider variation in 
heating for flight data aft of X/L = 0.2 than would be implied from wind 
tunnel data. 
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A more complicated flow phenomenon exists on the OMS pod than for the other 
•surface areas. The flow is directly influenced by the upstream effects of 
the body curvature and wing leading edge. The flow along the fuselage side 
and the wii-g upper surface contribute to the difficu'ty in describing the 
flow along this lee side surface. The heating rate distributions for all 
flight data are strongly dependent on Reynolds number. In general, the 
wind tunnel data did not predict the flight data on the OMS pod. While the 
wind tunnel data showed some depevlence on Reynolds number it tended to 
underpredict flight ita by a factor of 2 to 3. 

The flight data in the low Reynolds number range presents an interesting 
problem. The data from STS-2 .^nd STS-3 tend to be in agreement and show an 
insensitivity in the laminar he.^ting as a function of Reynolds nuntber. 
However, the heating data from STS-5 shows an influence on tne level of 
heating that is directly dependent on Reynolds number. Between the flights 
for STS-4 and STS-5 the water pt’oofing procedure was changed. This 
procedure was effective in preventing moisture penetration, but may have 
changed the surface characteristics for STS-5, i.e., the surface properties 
such as emissivity may have been degraded. In addition, at various 
locations on the vehicle tiles were replaced bet.«een flights. Thus at 
least two known factors may have influenced the neating on STS-5; possible 
surface property change, and possible surface roughness changes. 

Influence of Reynolds Number - Append! x C 
Composite Flights - Constant Angle of Attack 

The heating rate diitribution plots in Appendix 8 provide a measure of 
sens-.ti vity for individual flight and wind tunnel data over two decades of 
Reynolds numbers for an angle of attack of 40°. An alternate assessment 
can be made by comparing the composite flight data to wind tunnel data. A 
comparison of the composite flight and wind tunnel heating distributions at 
wind tunnel Reynolds numbers conditions can be seen ir< Appendix C. In 
these plots both the 35°and 40° angle of attack wind tunnel data are 
provided for comparison purposes to the 40° angle of altacx flight data. 

The page numbers for this data can be found in Table VI. 
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On the lower centerline the heating distribution for STS-5 is greater than 
that for STS-2 and STS-3, which are essentially in agreement, at each 
Reynolds number. The laminar wind tunnel heating data provides a 
conservative estimate of the STS-2 and STS-3 flight data, and are a close 
approxitaation of the STS-5 flight data. While the angle of attack 
flight heating data remained laminar for all Reyno’.ui. numbers the wind 
tunnel oata indicate turbulent heating for higher Reynolds numbers > 

4 V iQ-') on the aft position of the vehicle. 

The heating distributions for STS-5 are greater than those for STS-2 and 
STS-3 on the wing 50% semi -span except at the two highest Reynolds numbers. 
The STS-2 and STS-3 heating data are in agreement at all Reynolds numbers 
and agree with the STS-5 data at the two highest Reynolds numbers. The 
wind tunnel data tend to provide a conservative estimate of the flight data 
for 1.050 X 10^ £ £ 4.198 x 10^. At Re^^ = 5.248 x 10^ the wind 

tunnel and STS-5 flight data were in close agreement. At higher Reynolds 
numbers the wind tunnel data indicated turbulent heating. With the 
exception of the first two measurements behind the leading edge on STS-3, 
the flight data were in agreement for all Reynolds numbers for the wing 80% 
semi-span. In general, flight and wind tunnei heating distributions were 
in close agreement until the wind tunnel became turbulent at Re^^ = 7.767 x 
10 ^. 

On the side fuselage Z = 400 trace the flight heating distribution data 
were in close agreement at all Reynolds numbers. The wind tunnel data 
provided a conservative estimate of flight data for 0.2 £ X/L £ 0.4, were 
in 'aasonable agreement from 0.4 to 0.6, and tended to drastically 
underpredict the flight data for X/L >0.6. 

On the side Payload Bay Door U=440) the flight heating distributions 
tended to be more scattered. In general, the STS-5 data tended to be 
higher than STS-2 or STS-3. Both flight and wind tunnel data trends were 
consistent at all Reynolds numbers. Aft of X/L =0.6 the wind tunnel data 
consistently underpredicLed flight data. The wind tunnet data for the two 
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forward stations tended to be a conservative estimate to flight data for 
all but the highest Reynolds number. For the two middle stations (X/L = 

0.5 and 0.6) the comparison is more mixed. However, the wind tunnel data 
tended to agree with the data from at least one flight at X/L = 0.6. 

As was mentioned previously, the wind tunnel heating data tended to be a 
conservative estimate for flight data ac all Reynolds numbers on the upper 
centerline. In general, the heating distributions for flight data tend to 
be in close agreement. The greatest scatter in flight data was aft of the 
canopy, X/L > 0.2. 

Comparison of heating distributions on the OMS pod is difficult to make due 
to the variation among the flights, Re^^^ = 2.099 x 10 , STS-3 and STS-5 
tend to have similar heating oistributions, and the STS-2 heating at X/Lp = 
0.2 is much lower than both wind tunnel and data from STS-3 and STS-5. At 
Rejigs " 4.198 x 10^ the heating from STS-2 and STS-3 are similar and tend to 
approximate the 40° angle of attack wind tunnel data. The heating for 
STS-5 is 1 1/2 to 2 times greater than for STS-2 and STS-3 in the region 
where wind tunnel data exists and the flight data tend to be in agreement 
at X/Lp = 0.692. At Rej^^ = 6.297 x 10^ the heating distributions for all 
flight data are similar with the STS-5 data greater than the STS-2 and 
STS-3 data which were in close agreement. The wind tunnel data 
underpredicted the flight data. At Re^^^ = 7.767 x 10^ all flight data were 
in reasonable agreement while the wind tunnel data under predicted the 
flight data. 

Influence of Angle of Attack - Appendix D 
Individual Flights - Constant Reynolds Number 

It is normally difficult to obtain a full matrix of heating data (h/h^^^) 
as a function of angle of attack and Reynolds number during flight similar 
to that which can be obtained from wind tunnel tests. During the 
development flights the majority of the heating data is for a 40° angle of 
attack. In order to obtain heating data at other angles of attack for low 
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Reynolds numbers oush-over-pul 1-up (POPU) maneuvers were performed. These 
maneuvers were designed to provide an approximate ten degree variation in 
angle of attack over a short time span. This permits an assessment of the 
influence of angle of attack at essentially the same Reynolds number. 

Comparisons of flight and wind tunnel heating rate data showing 

the influence of angle of attack for constant Reynolds numbers are 
presented in Appendix 0. The page numbers for these data can be found in 
Table VII. These comparisons are presented for STS-2, STS-3, STS-4, and 
STS-5 individually, and covers 30°£a£45® in the laminar regime and 25°£al 
35° in the turbulent regime for STS-4. 

Heating rate distribution plots for STS-2 and STS-5 at 35°, 40°, and 45° 

angles of attack are compared to wind tunnel data for normal shock Reynolds 
5 5 

numbers of 2 x 10 and 3 x 10 , respectively. Comparisons between wind 
tunnel and STS-3 flight data are provided for 40° and 45° angles of attack 

5 

at ROj^^ = 4 X 10 . STS-4 data comparisons are presented fora= 30°, 35°, 
and 40° at Re^^^ = 8 x 10^, and for turbulent heating for a= 25°, 30°, and 
35° at RCj^j = 2.5 x 10®. The data for STS-3 are not from a POPU maneuver, 
but are derived from cn unplanned angle of attack variation in the entry 
trajectory. 

The plots shown in Appendix 0 show the relative sensitivity of heating to 
angle of attack. In general, the flight data are insensitive to angle of 
attack over this limited data range. For the lower Reynolds numbers the 
windward surface flight heating data remained laminar. It should be 
pointed out that on the lower centerline for STS-4 at the a= 33.8°, Rej^^ = 

8 X 10® flight condition the measurement data at X/L = 0.95 is 
questionable. 

Influence of Angle of Attack - Appendix E 
Composite Flights - Variable Reynolds Number 

As opposed to the POPU maneuvers flight data for lower angles of attack 
occurred much later in time at high Reynolds numbers. In the previous 
sections comparisons at essentially the same angle of attack and Reynolds 
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number could be made. For this section the only variable that is held 
constant is the angle of attack. The flight heating rate distributions are 
presented for the angle of attack that occurred latest in time. The wind 
tunnel data used for comparison with flight data are taken at the highest 
Reynolds number tested for the corresponding angle of attack. 

The comparison of flight and wind tunnel heating rate data (^/t^pgf) showing 
the influence of angle of attack for hign Reynolds numbers are presented in 
Appendix E. The page numbers for this oata can be found in Table VIII. 

This comparison is presented for all five flights at angles of attack from 
40° down to 20° in 5° increments. In this series of plots the Reynolds 
numbers increase by an approximate factor of two for each 5° decrease in 
angle of attac;. Although flight data were selected only on the basis of 
angle of attack, the Mach numbers and Reynolds numbers were fairly 
consistent between flights. The Mach number and Reynolds number range at 
each angle of attacn. were: 


ry 

= 40°, 

11.5 

< 

CO 

< 

13.5, 

a 

= 35°, 

8.5 

< 

M 

00 

< 

9.2, 

a 

= 30°, 

6.9 

< 


< 

7.7, 

a 

= 25°, 

5.6 

< 

00 

< 

6.3, 

a 

= 22.5° 

, 5.0 

< 

M 

00 

< 

5.6, 

a 

= 20°, 

3.6 

< 

M 

00 

< 

4.8, 


7.1 X 10^ < Re^c < 9.8 x 10^ 

1.6 X 10° £ Rej ^5 £ 1.8 x 10° 

2.5 X 10^ £ Re^j £ 2.8 x 10^ 

4.5 X 10^ £ Re^^ £ 5.4 X 10^ 

6.4 X 10^ £ Re^j £ 8.3 x 10^ 

1.0 X 10^ £ Rej^j £ 1.5 X 10^ 


In general, excellent agreement can be seen between the wind tunnel and 
flight data for angles of attack of 40° and 35° on the windward attached 
flow surfaces. At the lower angles of attack, the flight Reynolds numbers 
are much higher than the highest wind tunnel Reynolds number tested. It is 
recommended that the reader exercise some degree of caution in comparing 

5 

the 8.0 Mach, 7.7 x 10 normal shock Reynolds number wind tunnel data to 
the flight data. For instance, at 30° angle of attack the Reynolds number 
is approximately three and a half times greater at flight than at wind 
tunnel conditions. 
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Along the lower centerline the heating distribution at 40° angle of attack 
indicates that the laminar heating was consistent between flights. The 
data for STS-1 show the transition from laminar to turbulent heating aft of 
X/L = 0.4. At 35° angle of attack only STS-2 remained laminar; the other 
flight data were either in transition or turbulent. The flight data at 30° 
angle of attack were essentially turbulent, and were fully turbulent for 
angles of attack below 30°. Wind tunnel and flight data tend to be in 
agreement for both laminar and turbulent heating at all angles of attack 
except 25° and 20° where the wind tunnel data remained laminar and was an 
order of magnitude lower than the turbulent flight data. 

Along the lower wing 50% semi -span the heating distribution at 40° angle of 
attack indicates that the laminar heating was consistent between flights. 
The wind tunnel data (in transition?) were approximately two times greater 
than the flight data. The 35° angle of attack data are extremely 
interesting; we have captured the instance where the heating for two 
flights (STS-4 and STS-5) were fully turbulent while the heating for the 
other three flights remained laminar. This difference between laminar and 
turbulent heating appears to illustrate the sensitivity of heating to 
Reynolds number for this angle of attack. The laminar wind tunnel data 
tends to agree with the laminar flight data. Fjr angles of attack 30° and 
below the flight data were fully turbulent and approximately five times 
greater than the laminar wind tunnel data. 

Along the lower wing 80% semi -span the heating distribution at 40° angle of 
attack indicates that the flight data were laminar (STS-1 and STS-3 may be 
attempting to trip) and varied slightly between flights. The wind tunnel 
data (in transition?) were slightly above the flight data. The 35° angle 
of attack flight data are interesting in that the data for STS-1 and STS-2 
were laminar, fully turbulent for STS-4 and STS-5, and in transition from 
laminar to turbulent heating for STS-3 similar to the behavior on the 
windward centerline at this angle of attack. This variation illustrates 
the heating sensitivity to Reynolds numbers. The wind tunnel data tends to 
be consistent with the laminar flight data. The flight data for angles of 
attack of 30° and below are fully turbulent and in agreement at each angle 
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of attack. The wind tunnel data lies below flight data for these lower 
angles of attack. The wind tunnel data appear to be in transition at 30“ 
and 25“ angles of attack, and laminar for 20“ angle of attack. 

Along the side fuselage Z=400 trace at 40° angle of attack the heating 
distributions for all flight and wind tunnel data were in agreement forward 
of X/L = 0.4. Aft of X/L =0.4 the flight data shows some variation and 
lies above the wind tunnel data. At 35“ angle of attack the flight data 
were fairly consistent between flights. The flight data tends to agree 
with wind tunnel data forward of X/L = 0.4 and lies above the wind tunnel 
data aft of X/L = 0.4. The flight data for 30“ angle of attack was fairly 
consistent except for STS-4 forward of X/L = 0.4 which indicated attached 
flow. The wind tunnel data lie below the flight data especially aft of X/L 
0.3. At 25“ and 20“ angles of attack t!ie heating distributions for all 
flights were in agreement. The flight data at these lower angles of attack 
are probably an indication of attached flow and the wind tunnel data lie 
below the flight data. 

Along the side Payload Bay door Z=440 trace at 40“ angle of attack the 
heating distributions for the flight data have some variation between 
flights, but show a consistent trend. While the wind tunnel data are below 
the flight data, both wind tunnel and flight data follow the same trend 
through X/L=0.6. Aft of X/L=0.6 the wind tunnel data are an order of 
magnitude lower than flight data. At 35“ angle of attack all flight data 
are in agreement and probably indicate attached flow. The flight data are 
apparently turbulent and approximately five times greater than the wind 
tunnel data except at X/L=0.8 where there is an order of magnitude 
variation between wind tunnel and flight. The flight Reynolds numbers are 
approximately twice the wind tunnel Reynolds numbers. For angles of attack 
of 30“ and below the flight data are basically in agreement for all 
flights, and increase slightly with decreasing angle of attack. For these 
lower angles of attack the wind tunnel data are below the flight data and 
are at much lower Reynolds numbers. 
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Along the upper lee side centerline at 40° angle of attack the heating 
distribution from flight data are essentially in agreement, especially 
forward of X/L=0.3. The wind tunnel data are above the flight data. At 
35° angle of cttack the heating distributions for all flights are in 
excellent agreement except for C.3_<X/L<0,4. In general, the wind tunnel 
and flight data are in agreement, except at X/L=0.17 where the flight data 
are not as strongly attached, and at X/L=0.4 where the flight data were 
lower than wind tunnel data. At 30° angle of attack the flight data are 
essentially in agreement. The flight data indicates the flow was more 
strongly attached at X/L=0.1 and more separated at X/L=0.6 than wind tunnel 
data. In general, the wind tunnel data tends to approximate the flight 
data. At 25° angle of attack the flight data are in close agreement. The 
wind tunnel data lie below the flight data except for the two forward 
stations and at X/L=0.7. The flight data were strongly attached forward of 
X/L=0.7. At 25° and 20° angles of attack the flight data were fairly 
consistent, and the wind tunnel data were lower than flight data. In 
reviewing these plots the reader should recall that no data exist for STS-1 
and STS-2 for 0.3 £ X/L £ 0.5. In general, there is remarkable 
repeatibility of the flight data in this separated flow region, and good 
agreement until a= 20° when the Reynolds numbers are drastically 
different. 

The flow along the OMS Pod is more difficult to characterize in terms of 
the heating distributions than for other locations. This may be due in 
part to geometry and Reynolds number effects, as well as, other effects 
that are not easily identified. Better comparisons can be made at the 
lower angles of attack than at the higher angles of attack. For instance, 
at 22.5° and 25° angles of attack the heating distribution for both flight 
and wind tunnel are in close agreement, although some variation in heating 
exists between flights. At 30° angle of attack the flight data tend to be 
in agreement from flight to flight, but the heating rate X/Lp trend is the 
opposite of that shown for the wind tunnel data. The wind tunnel data lie 
below the flight data. At 35° angle of attack the general trend of both 
flight and wind tunnel data is similar. The greatest variation between 
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flights occurs forward of X/Lp=0.3. Since the distributions for STS-4 and 
STS-5 tend to agree; and the heating for STS-1, STS-2, STS-3, and wind 
tunnel tend to agree this may be a surface roughness effect. At 40® angle 
of attack the heating distributions for STS-3 show no variation as a 
function or X/Lp and slight variation vith X/Lp for STS-2 and STS-5. The 
heating data for STS-1 and STS-4 are inconsistent with other flight data. 
The wind tunnel data tend to lie below the data for the STS-2, STS-3, and 
STS-5. 



CONCLUDING REMARKS 


eating rata distributions from flight and wind tunnel data have been 
presented for the lower windward and upper lee side centerline, lower wing 
50% and 80% semi-spans, side fuselage Z=400 trace, side Payload Bay Door 
Z=440 trace, and OMS Pod trace 3. These distributions are presented in 
terms of normalized film heat transfer coefficients as a function of 
angle-of-attack, and normal shock Reynolds number. 

The surface heating rates and temperatures presented as film heat transfer 
coefficients are based on the thermal analysis of flight temperature 
measurements using the JSC NONLIN/INVERSE computer program. 

The heating distributions were presented for Reynolds numbers and angles of 
attack scans for each location to show the sensitivity of heating to these 
parameters. 

The heating rate distributions, especially on the lower windward surface, 
demonstrate that the use wind tunnel data is good for predicting the 
design environment and generally agree with or overpredict the flight data. 
On some regions of the Orbiter, the wind tunnel data underpredicted the 
flight data; such as the aft region of the Payload Bay door and the front 
of the OMS pod. 

The data presented in this volume are intended to provide an overview to 
the heating for the first five shuttle flights, and aid the analyst in 
bridging the gap between wind tunnel and flight testing. Volumes 2 through 
6 contain detailed heating information for each instrument location. These 
volumes contain heating rate data presented in terms of angle of 

attack, Mach number, and normal shock Reynolds number. Time history plots 
of surface heating rates and temperatures are also presented in these 
volumes. 
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FIGURE 1.< LOCATION OF OFI LOWER SURFACE INSTRUMENTATION ON COLUMSIA 


(CENTERLINE AND WING 50% AND 60% SEMI-SPANS). 





LEE SIDE UPPER CENTERLINE 



1520 X, = 236 

FIGURE 3.- LOCATION OF DFI LEE SIDE UPPER CENTERLINE INSTRUMENTATION ON COLUMBIA. 
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FIGURE 4A.- LOCATION Of Of I OMS POD (SIDE VIEW) INSTRUMENTATION ON COLUMBIA. 
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FIGURE 4B.- LOCATION OF DFI OMS POD T VIEW) INSTRUMENTATION ON COLUMBIA. 



TABLE 1 - Reference Greenwich Meridian Times for Flight Events 


Flight 

STS-1 

STS-2 

STS-3 

STS-4 

STS-5 



GMT Daj 

^:Hr:Min:Sec/GMT Seconds 


Launch 

SR8SEP 

SRB Separation 

MECO 

Main Engine Cutofi 

ENTRY 

TAEM 

101:12:00:04.000 

102:12:02:06.000 

102:12:08:42.000 

104:17:49:04.000 

104:18:14:34.000 

8856004.000 

8856126.000 

8856522.000 

9049744.000 

9051274.000 

316:15:09:59:815 

316:15:12:09.900 

316:15:18:38.000 

318:20:50:36.000 

318:21:16:30.000 

27356999.815 

27357129.900 

27357518.000 

27550236.000 

27551790.000 

081.15:59:59:785 

081:16:02:07.500 

081:16:08:34.800 

089:15:34:44.000 

089:16:00:00.000 

7055999.785 

7056127.500 

7056514.800 

7745684.000 

7747200.000 

178:14:59:59:793 

178:15:02:08.793 

178:15:08:32.509 

185:15:40:23.000 

185:16:03:20.000 

15433199.793 

15433328.793 

15433712.509 

16040423.000 

16041800.000 

315:12:18:59.921 

315:12:21:09.000 

315:12:27:25.914 

320:14:03:11.000 

320:14:27:15.000 

27260339.921 

27260469.000 

27260845.914 

27698591.000 

27700035.000 


TO 

TouchOown 

104 

18:21:11 

.000 


9051671 

.000 

318 

:21:23:11 

.000 


27552191 

.000 

089 

16:04:46 

.000 


7747486 

.000 

185 

:16:09:39 

.900 


16042179 

.900 

320 

14:33:27 

.000 


27700407 

.000 











TABLE III 


Catalytic Tiles on the Lower Centerline By Flight 


Mid 




STS-3 


STS-5 J 

Nose Cap 

0.000 






V09T9341 

0.026 






V07T9452 

0.100 




c 

C 

V07T9462 

1 

0.140 






V07T9463 

0.160 


c 



C 

V07T9464 

0.200 

1 




c 

V09T9381 

0.260 






V09T9421 

0.290 


2 




V07T9468 

0.300 



C 

c 

c 

V09T9471 

0.400 


C 

C 

c 

c 

V09T9521 

0.500 






V07T9478 

0.600 





c 

V07T9481 

0.690 






V07T9487 

0.800 






j V09T9761 

0.810 






' V0/T9489 

0.900 






' V09T9751 

0.950 






1 

1 V07T9492 

0.990 






j V07T9500 

1.020 






i V07T9502 

1.030 






1 V07T9504 

’,040 

■ — 

1 
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TABLE V 

PAGE NUMBERS FOR APPENDIX B 


Heating Rate Comparison - Influence of Rej^^ ( a= 40®) 


Distribution - vs 


Page No. by F 

ighc 

STS-2 

ngn 

STS-b 

X/L - Lower Centerline 

0.2 

1 

17 

33 


0.3 

2 

18 

34 


0.4 

3 

19 

35 


0.5 

4 

20 

36 


0.6 

5 

21 

37 


0.7 

6 

22 

38 


0.8 

7 

23 

39 


0.9 

8 

24 

40 


1.0 

9 

25 

41 


2.0 

10 

26 

42 


3.0 

11 

27 

43 


4.0 

12 

28 

44 


5.0 

13 

29 

45 


6.0 

14 

30 

46 


7.0 

15 

31 

47 


8.0 

16 

32 

48 


0.2 - 0.9 

49 

51 

53 


1.0 - 8.0 

50 

52 

54 

X/C - Lower Wing 50% Semi -Span 

0.2 - 0.9 

55 

57 

59 


1.0 - 8.0 

56 

58 

60 

X/C - Lower Wing 80% Semi -Span 

0.2 - 0.9 

61 

63 

65 


1.0 - 8.0 

62 

64 

66 

X/L - Side Fuselage (Z=400 Trace) 
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APPENDIX A 
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APPENDIX B 
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4.T. 

345. 

STS-3 

MlP*40.J,l1.25.1.PE-hS 

•7.025E 

4,T* 

390. 

STS-3 

PLP*40.2,n*24.6,PE-NS 

•8.006E 

4.T. 

43S. 

STS-3 

MLP-40.2.n*24.4,RE-NS 

•B.sesE 

4.T. 

470. 


10 


10 



0.0 0.8 0.4 0.6 0.8 1.0 


X/C 


11/13/14 

lASC TINE . •774BM4.M* SEC. 




STS-3 DING S^% SEMI-SPAN DISTRIBUTION 


O 

o 


2 



OrtlSB f»LP-40.a.n-8.RE-hS ‘1.0Se£ 5 

0H39B ALP*43.C,n-3,RE-N5 a.099£ 5 

0H39B HLPH0.0.n>8,»£-hS O.HSE 5 

0H39B ALP-40. a. n-8,R£-NS -4.198E 5 

0H39B ALP-40.0, PI. 8 , «£-hS -S.248£ 5 

0H39B ALP-40. 0,n-8, RE -MS -6.297E S 

0H39B ALP-40.0, PI-8, RE-MS -7.767E 6 


STs-3 alp- 39. 6, P1-24.J, RE-MS -J.005E 5,T- S05. 
STS-3 ALP-39. 7, PI-20. 7, PE-MS -2.013E 5,T- 720. 
STS-3 ALF-39.3,PI-17.7,RE-HS -3.000E 5,T- P.30. 
STS 3 ALP-‘2.3,PI-J6.3,RE MS -4.0HE 5,T- 905. 
STS-3 ALP-42. 7, PI-15. 4, RE-hS -4.935E 5,T- 930. 
STS-3 ALP.40.9,PI-14.4,RE-MS -5.95JE 5,T- 955. 
STS-3 aLP-40.3,P|.13.S,R£-HS -7.044E 5.T- 920. 
STS-3 ALP-39. 4, PI-J2. 9, RE-MS -7.975E 5,T-1000. 




c,>oub.u — XNxueuju 


O 


STS-5 DING 50H SEMI-SPAN DISTRIBUTION 


OH39B ALP*40.e,n-8,RE-NS 'UeSeE 5 


ST5-5 ^iLP.«.3,r|.26.3,PE-NS 
STS-5 ftLP*39.l,H*S6.S.RE-HS 
5TS-5 ^LP*4«.3,n*26.8.RE-MS 
STS-5 hLP»4«.3.H'26.7,RE-NS 
STS-5 «LP-39.7,ri.26.3,RE-tiS 
STS-5 («LP-40.e.n-25.7,RE-NS 
STS-5 «LP«40.2.M-25.e.RE-N5 
STS-5 ALP-40.0.n.24.3.RE'MS 


2.080E 

4,T- 

240. 

3.05SE 

4.T- 

2S5. 

4.037E 

4.T* 

235. 

5.093E 

4.T- 

305. 

6.030E 

4.T* 

335. 

8.982E 

4.T- 

385. 

8.013E 

4.T- 

445. 

8.956E 

4.T- 

495. 



9 , a 0*4 0.6 0.8 1.0 


X/C 


11 ^ 13^84 

IPSE TINE • 87fiMS»l.M* SEC. 



NX — Tmmoo 


STS-5 UING 50J( SEMI-SPAN DISTRIBUTION 


O 

□ 

2 

f 


OH33B 

f»LP-4d.0,rt-8,liE-H5 

•1.050E 

S 

STS-5 

ALP-40. 4, M-23.S, RE-MS 

-1.011E 

5,T- S46. 

0H3SB 

ALP-40. 0,fI-8,RE-.3S 

-8.099E 

S 

S7S-6 

ALP-40.4.M-19.0.RE-NS 

-a.007E 

S,T- 755. 

OH39B 

ALP-40.0.11-8, RE NS 

•3.H9E 

5 _ 

^TS-E 

ALP-39. S.M-17.1, RE-MS 

-2.99EE 

6.T- 840. 

0H39B 

ALP-40. 0,n-8,RE-HS 

•4.198C 

5 

‘-iS-S 

ALP-40. l,n-lS.0, RE-MS 

-4.040E 

5,T- 895. 

OH3SB 

ALP-40. 0,n*8, RE -MS 

-S.a48E 

5 „ 

STS 5 

ALP-40. l.n-lS. 3. RE-NS 

-S.0S0E 

5,T- 925. 

0Hj9B 

ALP-40. 0,n>8, RE MS 

•6.297E 

s 

STS-5 

ALP-39.2,I1-14.6,RE-HS 

-S.02SE 

5.T- 950. 

0H39B 

ALP-40. 0.M-8, RE -MS 

•7.767E 

S 

5TS-S 

STS-S 

ALP-39. 4, n-13. 9, RE-NS 
ALP-38. 6, n-13. 2, RE-MS 

-6.984E 

-8.02SE 

5. T- 970. 

6. T- 995. 



0.0 0.3 0.4 0.6 0.8 1.0 


X/C 


11/13/84 

BASE TINE • 87S98B9I.M8 SEC. 



ootu*.>i. — gsxoauu 


0H39B 


STS-a UINQ 80H SEMI-SPAN DISTRIBUTION 


O 


HLP-40.e.n.8,(*k‘-NS -i.dseE 5 


STS-2 #,LP*4e.8,n-2S.5,RE-NS 
5T;-2 nlP-40.9.n-a5.6,RE-M5 
STS-a >iLP-40.0.n-25.9.»E*MS 
STS-a ALP*40.9,(1*a6.>,RE-hS 
ST5-2 ALP*40.3,n-ee.0.RE-MS 
STS-2 filP-4a.5,n*25.5,PE-H£ 
STS-2 PLP*4«.2,«*2S.1.RE-»IS 
STS-2 PUP*40.2,n-24.8.R£-NS 


2.039E 

4.T- 

200. 

■3.023E 

4,T* 

305. 

4.02SE 

4.T. 

325. 

4.955E 

4,T* 

345. 

6.001E 

4,T* 

380. 

6.842E 

4.T* 

445. 

8.828E 

4,T- 

500. 

9.007E 

4.T* 

535. 


le 


10 



o.e e.2 0.4 0.6 0.8 i.o 


x/c 


»RSC Tine * ETSStRM.M* SCC. 





STS-a UING 80K SEMI-SPAN DISTRIBUTION 

Q OH39B ftLP-4®.0,M‘8,RE-HS -l.eSdE S STS-S ^LP- 39. 7,(1-a4 . 3,fi£-HS •J.007E 5.T* 570. 

□ 0H39B ALP-40. 0,fl*8,RE-NS -2.099E S STS-2 ALP-44. 1 ,M-20. 1 , RE -NS -2.019E 5,T- 825. 

OH39B ALP-40. 0. (1-8, RE -hS -3.14SE 5 STS-2 ALP-40.9.H-n .8,RE-N5 *2.995E 5,T- 930. 

4 OH3SB ALP-40.0, "'■8, RE-NS -4.198E 5 STS-2 ALF-41 .S,n-16.0,RE-NS -3.970E S,T- 995. 

X Orl3SB ALP-40. 0,11-8, RE-NS -5.248E 5 STS-2 ALP- 41 . 6, H- 1 4 . 8,RE-NS -4.959E 5,T-1030. 

OH39B ALP-40. 0,11-8, RE-NS -6.297E 5 STS-2 ALP - 40. 6,11- 1 4 . 1 ,RE-NS -5.971E 5,T-1055. 

4. 0H39B ALP-40. 0,n-8, RE-NS -7.767E 5 STS-2 ALP-39.8.11- 13. 2, RE-NS -7.090E 5.T-1080. 

' STS-2 ALP-39. 7. n-l2. 8, RE-NS -7,935E 5.T-1095. 



0.0 0.8 0.4 0.6 0.8 1.0 


U/13/84 

BASE TIK • 275502M.000 SEC 



X/0 



o 


STS-3 UING 80H SEMI-SPAN DISTRIBUTION 


OH39B ALP-4d.0,n*8.RE-riS ‘i-aseE 5 


5TS-3 ^LP*39.8,n*26.7.BE-MS 
STS-3 ^<LP-4«).6.n*27.0,BE-MS 
STS-3 (iLP*40.3,n*26.';,PE-NS 
STS-3 fiLP-40.2.n-26.4,RE-HS 
STS-3 <iLP-39.6,n*25.6,RE-HS 
STS-3 «LP*40,l.n*25.1, RE-MS 
STS-3 ftLP-40.2,P.*24.6,RE-HS 
STS-3 ALP-40.2.n*24.4,RE-NS 


■2.087E 

4.T. 

280. 

•3.142E 

4.T- 

280. 

>4.eesE 

4.T. 

295. 

•5.063E 

4,T- 

31S. 

•C.021E 

4,T- 

34S. 

•7.025E 

4,T. 

390. 

•3.006E 

4.T. 

43S. 

•8.968E 

4.T- 

470. 



0.0 0.3 0.4 0.6 0.8 1.0 


11/13/84 

•RSE tine . 8774SM4.M8 SEC. 


x/c 



4-JloOnO 


STS-3 UING 80H SEMI-SPAN DISTRIBUTION 


OH39B ftLP«4a.e,n*8.RE-M3 •1.850E 
Ori39B ALP*40.d,<1*8. RE-MS 
CH39B ALP-40. 0.n-8.RE-NS -3.J49E 
Oh39B ALF*40.0.n-8, RE-MS -4.198E 
CK39B ALP-40.0,' -a.RE-NS -5.a48E 
OH39B ALP-40. 0.n-8, RE-MS -6.897E 
OH3SB ALP-40. 0,n-8,RE-NS -7.767E 


5 STS-3 ALP- 39 

S STS-3 ALP-35 

S STS-3 ALP-35 

S STS-3 ALP-48 

5 STS-3 ALP-48 

S STS-3 ALP-40 

5 STS-3 ALP-40 

STS-j ALP-35 


.6,11-84. 1. RE-MS 

•1.00SE 

5.T- 

505 

.7,tl.80.7.RE-MS 

•8.013E 

5,T- 

780 

,3, PI-17. 7. RE MS 

•3.000E 

6.T- 

830 

.3, PI-16. 3, RE-MS 

-4.014E 

5.T- 

905 

.7, PI-15. 4, RE-MS 

-4.336E 

S.T- 

930 

.9.PI-14.4.RE-NS 

•5.951E 

£,T- 

955 

.3, PI-13. 5. RE -NS 

•7.044E 

5,T- 

980 

.4,n-18.9.RE-MS 

-7.9'’Sr 

:.T- 

1006 



O.e 08 0.4 0.6 0.8 1.0 


11/13/04 

BASE Tine • 0774SC04.040 SEC. 


x/c 






STS-5 DING 80H SEMI-SPAN DISTRIBUTION 


O 

□ 

2 


OH 3 S 9 

ALP. 49 .«),n< 8 ,RE-HS .(.aEie 


STS 5 

ALP* 40 . 4 ,t 1 . 

C 3 . 6 .PE-MS . 1 . 0 UE 

S,T. 

546 . 

OH 3 S 8 

ALP< 4 e.o,i>a,Re tis .a.igsE 

5 ... 

STi -5 

HLP*T 0 .-<,M‘ 

19 . 0 .PE-HS -a.ICTE 

5 ,T* 

756 . 

0 H 39 B 

ALP* 40 . 9 ,n.a,RE -MS * 3 . H 9 E 

s 

STS -5 

HLP* 39 . 5 , M’ 

17 . 1 , PE hS •S. 99 SE 

S,T. 

840 . 

OH 396 

HLp* 4 a.e,n> 8 ,RE hs M.tasE 

5 _ 

STS -5 

ALP*< 0 ,l,n* 

16 . 0 , PE MS . 4 . 040 E 

5 .T* 

896 . 

CH 39 B 

ALP- 4 a.e,n< 8 ,fiE-Ms •s. 8 tbe 

s .. _ 

STS-S 

HLP* 40 . 1 ,M. 

I 5 . 3 ,PE-MS .S. 0 S 0 C 

6 ,T. 

926 . 

OH 396 

ALP‘T 0 . 0 ,n- 8 ,Pr MS - 8 .a 97 E 

5 

STS 5 

HLP* 39 ,e,n. 

M. 6 ,PE-MS 'S.OaSE 

S.T* 

960 . 

0 H 3 S 6 

ALP"T 0 .e,n- 8 ,fiE MS . 7 . 767 E 

5 

STS -5 

MLP* 39 .a,ri' 

13 . 3 ,PC-MS * 6.9846 

6 ,T. 

970 . 




STS -5 

ALP* 

13 .a,PE-MS * 8 . 0 a 5 E 

S.T. 

996 . 



0.0 0.a 0.4 0.6 0.8 1.0 


n/ii/u 

lASC TIM • a7t9K9t.«M ICC. 


X/C 


NI 


o 


STS-a SIDE FUSELAGE (Z-400 TRACE) DISTRIBUTION 


cMV^e AiP«4«.0,n*8,fJE-MS -i.eseE 5 


iTS-2 ALP*^«.8,«*aS.S,PE-t»S •2.039E 
STS-? hLPM0.9,«*a6.6.RE-HS O.083E 
6TS a ALP-40. »,«•«. 9, PE-NS -^.AESE 
STS-a ALP*40.B,ri*26.l,PC-HS -4.96SE 
iTS a ALP-40. 3, n*a6.0.RE-l)S -6.001E 
STS-a ALP-40.5,n-as.6,RC-NS -6.S4ae 
STS-a ALP- 40 . a. «-aS.l. RE-MS -8.0a8E 
6TS-2 ALP-40.e,M-a4.«,R£HS -9.007E 


4,T- aae. 
4.T- 305. 
4,T- 325. 
4.T* 345. 
4.T- 380. 
4.T- 446. 
4.T- 500. 
4.T* 536. 



X/L 


11/10/04 

IA6C TIM • 8H608N.000 KC. 






STS-S SIDE FUSELAGE (Z-400 TRACE) DISTRIBUTION 

OH74B «LP*40.0,n*8,R£ MS 'l-eSeE 6 STS £: ALP04.7,M»£-t, 3.PE-NS •l.B07t 5,T- 670. 

hLP*< 0.0,I1*8,«E MS *a.093E 6 STS-S hl.P-^< . 1 ,f(.a0. 1 ,PE -MS ‘S-BISE 6.T* 825. 

0M74B MLP'40.0,n-8, RE-MS O.HQE 6 _ STS-2 MLP-40.9,n-l7.8,R£ -MS ‘S.BSSC 5.T* 930. 

CH74B RLP-4(,,0,f1«8,R£ MS •4.I98E S STS 2 mLP- 4 1 .5, fl- Ifc . 0.RE MS O.970E 5,T* 99S. 

0H74B ALP-40. 0,f1*8, RE-MS •S.248E 6 STS-2 ALP-41 .6, M- 14. 8. RE-MS -4.96SS 6.T-1030. 

CH74B HLP-40,0,n-8,RE MS -6.297E 5 STS-2 At P- 40 .6, M- 1 4 . 1 .RE-MS -S.971E 5.T-1065. 

0H74B ALP-40, 0,fl-8, RE MS -7.767E 5 STS-2 ALP-39. 8.M- 1 3.2.RE MS -7.090E 5,T-1080. 

STS-2 ALP-39. 7, n- 12. 8. RE-MS -7.985E 5.T-1095. 



U/16/14 

BASE Tine > 875S0830.0M SCC. 




B-69 


STS-3 SIDE FUSELAGE (Z-400 TRACE) DISTRIBUTION 


CH74B ALP*4d.e,n*B,RE-NS 


ALP*3«.8,n-BC 
iiLP* 40.6,11 >27 
(4LP*40,8,n«e6 
f(LP*40.2,n<26 
PLP'39.6,n>2S 
<»LP-40.l,n-25 
AlP*40.2,n*24 
ALP*40.2,n*24 


.7,RE-NS 
.0.RE-NS 
,9. PE -MS 
.4, PE -MS 
.6, RE-MS 
. I, RE-MS 
.6, RE -MS 
.4, RE-MS 


>2.087E 

•3.H2E 

•4.005E 

•S.063E 

•6.021E 

•7.025E 

•8.006E 

•8.968E 






STS-3 SIDE FUSELAGE (2-400 TRACE) DISTRIBUTION 

Q OH74B rtLP*40.0,n-8,RE-NS ‘1.0Sd£ 5 STS-3 .6,n-a4 . 1 ,R£-I(S • I .M5£ 6,T*5»6. 

□ CH?4B (^LP'^i.a.n'a.RE hS -a.0S9£ S STS-3 fiLPO9.7.H-B0.7.P£-HS •2.013E 5.T* 720. 

^ l»H?<B »^LP*40.0,n*8,PE -tiS ‘3.H9E 5 STS 3 PLP*39. 3,n*l7.7,P£-HS *3.000£ 5,T- 830. 

X OH74B ftLP*40.0,n*8,ftE-hS •4.198E 5 STS-3 <iLP*42.3,n*l6.3,P£-MS -^.PME S.T* 90S. 

^ OH74B 0LP'40.0,n-8,B£ hS ‘S.a48E 5 STS-3 PLP-4a.7.H‘lS.4,R£-MS •«.93S£ S.T* 930. 

X OH74B «LP-40.0,r»8,RE ttS -6.B971 5 STS- 3 0LP- 40 . 9, M* 1 4 . 4 ,R£ MS •S.gSlE S.T- 955. 

X Ori?4B ftLP-40.0,n-8,WE-hS -7.767E 5 STS-3 PLP-40.3.n-l3.6,R£-MS -7.044E 5,1' 980. 

' STS-3 MLP-39.4,»-ia.6,R£-MS •7.975E S.T-1000, 





e.e e.e e .4 0.6 0.8 1.0 


ll/lS/M 

IPSE TINE • 0774S«04.m SEC 


X/L 



STS-5 SIDE FUSELAGE (ZHGO TRACE) DISTRIBUTION 


O 


0H74B ALP-48. «,n-8,R£ -NS •1.850E 6 


STS-5 ALP-48.9,n-26,3,R£-MS 
STS-5 ALP-39. l,n-26. 6, RE-HS 
STS-5 ALP-48.3,(1-2e.8,RE-HS 
STS-S ALP-40.3,n-26.7,RE-NS 
STS-5 ALP-39. 7, H-26. 3, RE-MS 
STS-5 ALP-40,8,H-25.7,RE-NS 
STS-5 ALP-48.2,ri*25.8,RE-NS 
STS-5 ALP-48, 8. «-24. 3. RE-MS 


•2.888E 

<.T* 

248. 

-3.8S6E 

4,T. 

265. 

•4.897E 

4,T- 

285. 

.S.893E 

4 . f- 

385. 

•6.838E 

4,T- 

335. 

-6.982E 

■»,T- 

385. 

-8.8I3E 

4.T- 

445. 

-8.956C 

4.T- 

495. 



0.0 0.2 0.4 0.6 0.8 1.0 


11 ^ 16/84 

BASE TINE • 87fiBBB91.888 SCC. 


X/L 



— xv xQr iiMt 


O 

□ 


2 

I 


STS-5 SIDE FUSELAGE (Z-400 TRACE) DISTRIBUTION 


0H74B 

ALP*40.B,n«8,RE-hS 

•1.0S0£ 

5 

0rt?4B 

rtLP-40,0,ri-8,HE-HS 

-2.099£ 

5 

0H74B 

ALP‘40.0.(1*8>£-NS 

•3.149£ 

5 _ 

0H74B 

ALP*40.0.n-8,H£-HS 

-4.198E 

5 - -- - - ■ 

0H74B 

ALP*4d.0.N'8,R£-NS 

•5.248E 

5 ^ _ 

0H74B 

ALP-40. 0.(1‘8,R£-N5 

•8.297E 

5 „ — -- 

0H74B 

ALP-40. 0,t1-8,R£-NS 

-7.767E 

5 


STS-5 

ALP-40,4,t1-23.6,R£-NS 

•1 .01IE 

5.T- 

545. 

STS-5 

ALP*40.4,M.19.0,PE-NS 

•2.0B7E 

5,T- 

7S5. 

STSE 

ALP-39. 6, (1-17. l,PE-t(S 

•2.996E 

S.T- 

840. 

STS-5 

ALP*40.I,n*lfc.0,RE-NS 

•4.040E 

5.T- 

895. 

STS-6 

ALP-40. I,H-lS.3.RE-NS 

•5.050E 

5,T- 

925. 

5TS-5 

ALP-39.2,ri-l4.6,RE-H5 

-E.026E 

5.T- 

950. 

STS 6 

ALP-39.4,H-13.9,PE-N5 

•6.984E 

5,T- 

970. 

STS-5 

ALP-38.6,n-rj.2,RE-NS 

•8.025E 

S.T- 

995. 



e .0 0.8 0 .^ 0.6 0.8 1.0 


U/16/S4 

IAS€ TINE • eTCMSSl.M* SCt. 


X/L 



o 


STS-a SIDE PLB DOOR (Z-440 TRACE) DISTRIBUTION 


0H74B RE-MS O-aseE 5 


STS-2 

ALPMa.8,«-25.5,RE-MS 

-2.039E 

<.T- 

280. 

STS-2 

ALP*40.9,M*2S.6,RE-MS 

-3.023E 

4.T- 

305. 

STS-2 

RLP*A0.a,n*25.9,RE-MS 

•4.02SE 

4.T- 

325. 

STS-2 

ALP*40.9,I1'26. J.PE-NS 

-4.9SSE 

4.T- 

345. 

STS-2 

ALP-40. ■J.N-26.0.RE-HS 

-6.00IE 

4.T- 

380. 

STS-2 

ALP-40. 5, n-25. 5. RE-MS 

-6.842E 

4.T- 

445. 

STS-2 

ALP-40. 2, N-25.1.RE-HS 

-8.028E 

4.T- 

500. 

STS-2 

ALP-40. 2, n-24. 8. RE -MS 

•9.007E 

<.T* 

E35. 


00 

1 

•VJ 

CO 


i 

K 

- 

I 

H 


le 


le 


le 


le 



a«e a. a a. 4 a. a a. a i.a 


11/16/S4 

BASE TINE • 276SM3fi.m SEC. 


X/L 



+i<<X>aO 


STS-a SIDE PLB DOOR (Z-440 TRACE) DISTRIBUTION 


0H74B 

ALP'40.0,PI*8,Rf-hS 

•1.050E 

5 

STS-E 

ALP-39. 7.(1 

a4.3,RE-NS 

•1.007E 

5,T- 

570. 

0H74B 

«LP*40.0,(1»8,RE-NS 

•a.099E 

5 . 

STS-2 

ALP-44 ,1,11 

a0.1,RE-tlS 

-a.019E 

5,T- 

sas. 

0H74B 

ALP*4e. 0,11*8, RE -MS 

•3.H9E 

6 

STS-a 

ALP-40. 9, n 

17.3.PE-NS 

-a.995E 

S,T- 

930. 

0H74B 

ALP*40.0,PI*8,RE-i1S 

•4.I98E 

5 

STs-a 

ALP-41. S.H 

18.0.RE-NS 

-3.970E 

5.T- 

995. 

0H74B 

ALP*40.0.H*8,RE-NS 

■5.248E 

6 

sTs-a 

ALP-41. 6. N 

14.8.RE-NS 

-4.959E 

5.T- 

1030. 

0H74B 

ALP*40.0.H*8, RE-MS 

•6.E97E 

5 

STs-a 

ALP-40.8, n 

14.1, RE-MS 

-5.971E 

5,T- 

1055. 

0H74B 

ALP-40. 0.H-8. RE NS 

•7.767E 

5 

sTs-a 

ALP-39. 8, M 

13.a,RE-NS 

•7.090E 

5.T- 

1080. 





STS-a 

ALP-39.7,11 

la. 8. RE-MS 

•7.985E 

5,T- 

1095. 



e.e e.a e.4 e.e e.s i.e 


U/16/B4 

BASE TINE • B756BB3fi.BM SEC. 


X/L 




Twnaox'vX 


STS-3 SIDE PLB DOOR (2-440 TRACE) DISTRIBUTION 


O 


0H74B ALP*4d.0,n*8.RE-NS -l.eSdE S 


5TS-3 ftLP09.8,H-26.7,«E-hS 
STS-3 <<LP-40.6,ri»27.0,PE-hS 
STS-3 ALP*4«.8,««a6.9.PE-MS 
STS-3 f»LPH0.2,n-26.4,PE-MS 
STS-3 #<LP*39.6,(1-25.6,RE-rtS 
STS-3 #tLP*48.1.l1-2S.l,RE-HS 
STS-3 ^LP*4e.2.(1-24.6,PE-MS 
STS-3 PLPH0.2,ri»24.4,RE-MS 


•2.B87E 

4,T- 

2£B. 

•3.M2E 

4.T- 

280. 

•4.B0SE 

4.T* 

295. 

•S.e63E 

4.T- 

315. 

•6.B21E 

4.T* 

345. 

•7,025E 

4.T* 

390. 

•s.eesE 

4.T- 

435. 

•8.968E 

4.T‘ 

470. 


03 

I 

tn 


I 



X/L 


tl/U/14 

BASE TINE • •r745EI4.«M SEC. 


-fjjoooo 


STS-3 SIDE PLB DOOR (Z*440 TRACE) DISTRIBUTION 


OH7-4B rtLP* 4 «. 0 .n- 8 ,Rt-flS 'l-aSBE 
0H74B ALP'^O.a.n'S.RE-HS •2.®99E 
OH74B ^*LP'40.0,n‘8,RE-hS O.HBE 
0H74B «LP‘4a.«,n*8,RE-hS -4.198E 
0H74B rtLP•4e.0.^•8,R£-^S •5.24BE 
0H74B RLP‘40.0,n‘8,R£-NS -6.297E 
0H74B flLP-40.0.H>8,RE-HS *7.767E 


5 

ST5-3 

ALP*39.6,n*24.1,PE-NS 

•1.006E 

S.T. 

60S. 

5 

5TS-1 

PLP*39.7,n*20.7.RE-liS 

•2.013E 

5.T- 

720. 

5 . 

STS-3 

ALP-39.3,H-l7.7,fl!E-l<S 

•3.000E 

5.T* 

830. 

c; 

STS-3 

PLP«42.3,t1*16.3.RE-HS 

•4.0HE 

S,T- 

905. 

5 

ST&-3 

#4LP-42,7,n-15.4.RE-HS 

•4.935E 

5.T- 

930. 

5 

STS-3 

AtP*40.9,n*l4.4,RE-M£ 

•5.951E 

S.T- 

955. 

5 

STS-3 

PLP*40.3,n'13.5,RE-NS 

•7.044E 

5,T* 

980. 


STS-3 

ALP*39.4,fl-12.9,RE-HS 

•7,975E 

S.T* 

1000. 







» 

r I - 1 . V 





- ‘-.X 














— - 

SSBSS3SS5S 





t -i 





* j 





r* 




1 

e 












1 1 1 1 1 1 .1 .1 L, 

1 1 1 1 M IJ 1 

1 1 1 M Li-L-i- 


t i 1 )-iJ...l,L-L. 


O.e 0.2 0.4 0.6 0.8 1.8 


X/L 


U/10/84 

BASE Tine • •774SfiB4.0M SEC. 




B-77 


o 



STS-5 SIDE PLB DOOR (2*440 TRACE) DISTRIBUTION 

0H7<B ALP*40.0,f1*8.R£-NS •1.050E 5 STS-5 ALP*40.S,«*2€,.3.RE-I4S *2. 0806 4,T* 240. 

STS-6 ALP*3S.l.n*26.5,fiE-ri5 •3.056E 4,T* 265. 

STS-5 (,LP*40,3.n*26.8.RE-(tS *4.097E 4,T* 285, 

STS-5 HLP*40.3,n*26.7,RE-NS ■5.033E 4,T- 305. 

STS-5 PLP*39.7.n*26,3,RE-NS *6.030E 4.T- 335. 

S1S-5 6LP-40,0,n-2S.7,RE-»4S •6,982E 4,T* 385. 

STS-S ALP*40.2,n»2S.0,RE-NS •B.RlSE 4,T* 445. 

STS-5 ftUP‘40.0.n*24.3,RE-NS *a.956E 4,T* 495. 



e.e e.a e.4 e.e e.s i.e 


ll/U/84 

BASE Tine • 2769BS91.0M SEC 


X/L 


+^>oaO 


STS-5 ?tde PLB door (ZM40 TRACE) DISTRIBUTION 


0H74B 

ALP*4®.d,n*8,RE-hS 

-I.050E 

5 

STS-5 

ALP-40. 4. M-23. 5, RE-MS 

•1.011E 

S.T- 545. 

0H74B 

ALP*4e.d,n*8,RE-r«s 

-c .3E 

S 

STS-5 

ALP-40. 4. n=lS.0, RE -MS 

-2.007E 

5,T* 755. 

0H74B 

ALP*4C.0,(1‘8, RE-MS 

•3.H9E 

S 

STS-5 

ALP-39. 5, «-l7.1,RE-HS 

-2.996E 

S.T- 840. 

0H74B 

ALP*40.0,ri‘8,RE-NS 

•4.198E 

5 . __ 

STS-5 

ALP-40. t.n-16.0,RE -MS 

•4.040E 

S.T- 895, 

0H74B 

ALP*40.B,n-8,RE-hS 

-5.248E 

5 .. 

STS-S 

ALP-40. l.n-15. 3. RE-NS 

•5.050E 

S.T- 925, 

0H74B 

ALP-40.0, (1*8, RE-WS 

•fa.297E 

5 

5TS-E 

ALP-39. 2, n-14. 6. RE -NS 

•£.02£E 

S.T- 950. 

0H74B 

ALP-40.0.11-8. RE-MS 

•7.767E 

5 

STS-6 

STS-S 

ALP-39. 4, H-13. 9, RE-MS 
ALP-38.6.f1*13.a,RE-MS 

-6.984E 

-8.32SE 

S.T- 970. 
S.T- 995, 






























IBBSSSSfllKECBHfc 

SBMHRVBMBI 

HHHBHHHHHHI 














1 ^BS^BSSSSSSSSS 


1 - — — ' 


1 ^ 1 1 




1 ^ 

— 








HHHHHIIBHHH 



i ■ * 1 




















— 








...J-t .1. l -L.,,, L.i .i.J 

1 1 ' 1 i i ,1 1 , 

i iJ i„l L t 1 .L. 


MHHHI 


0.0 0.2 0 .^ 0.6 0.8 l.e 


BASE Tine • 2769BSBI.BM SEC. 


X/L 









4-40000 


STS-a UPPER CENTERLINE DISTRIBUTION 


OH 39B 

HLP«40.«,r<B,»E 

1.3 

‘1 .eset 

s . , 

STb-? 

hLP-3'>,'’,(1*4'4, . P£-MS 

.1.007E 

5,T. 57«. 

Oh 39B 

PLP-4e,0,.’l'8>£ 

■MS 

•c.08)£ 

s 

ili-t 

HI, P-44.1, ■'•20. l.rf-MS 

•2.0UC 

S,T- 82S. 

JrO&B 

Hl.P-4d.0,n<8,l<l 


■ J.H9£ 

5 _ 

STt 2 

HLr •‘H.s,; 17. a, PE -MS 

•2.M5E 

S,T* 930. 

0H39B 

H'L.P*4d,0,l1-8.Pf 

Mb 

•4. 196£ 

5 _ ■ 

STS -2 

PLP.4l.S.h-;P C.PE-MS 

•3.970E 

5,T- 995. 

Oh39B 

Mip-4e.e,n-8,f<t 

M3 

‘S.a48E 

S . , 

STS 2 

HLP-41 .6,M-14.8,PE-MS 

•4.9S9E 

5,T-1030. 

OH39B 

MLP-40,e,n-8,h£ 

t(S 

•f..297£ 

6 _ _ 

STS 2 

HlP-40.fc,W-l4.1.P£ MS 

•S.971E 

6,T-106E. 

OHjSB 

Hip‘40.o,n-a,p£ 

MS 

• /.767£ 

s 

STS-2 
STS 2 

PLP-33.8,ri-l'.2,P£MS 

HLP-39.7,n-l?..8,RE-hS 

• 7 . w90£ 
•7.SESE 

5,T-|030. 

S.T.109S. 



0.0 0.2 0.4 0.6 0.8 i.0 


11 / 13/14 

■4tE TINE • ETSSMM.m SEC. 


X/L 



STS-3 UPPER CENTERLINE DISTRIBUTION 


O 


OH3&B -hi •i.oset s 


iTi-l ..Lf'-39.8.M*efe.7.B£-MS 
STS-3 Hf*^0.6,fl*87.d,8C-HS 
STS-j MLPMe,B,li*2i.9.RE-tlS 
5TS-3 hLP*^«,e,n'26.4,RE-HS 
S7S-3 j9.6,n-2S.6,R£-hS 
S7S-3 hlP-4fo. J ,Pi*2S.i,RE-hS 
STS-3 AIP*^B.2,«'2<.6.RE-hS 
STS-3 ALP-4«,2,n*2<.'4,RE-hS 


'2.887E 

4,T. 

268. 

3.142E 

4,T. 

288. 

4.885E 

4,T- 

29S. 

S.863E 

4.T. 

3tS. 

6.821E 

4,T* 

345. 

7.825E 

4.T. 

398. 

8.08SE 

4,T. 

435. 

8.963E 

4,T. 

478. 



e.e 0.8 9,4 0.6 0.8 1.0 


11/13/84 

•ASC TINE « 87748114. ••• SEC. 


X/L 




STS-3 UPPER CENTERLINE DISTRIBUTION 

STS-j Ml,F«35.6,r*2<. •I.005E 6,T* 509. 

STS 3 <iLF-'i3.7,n«£0.7,RE-hS •2.013E 5,T* 7£0, 

STS-3 *»Lh*39.'l,«M7. VK-HS 5,T‘ 830. 

. STS 3 f«LF*<a.3,n*16.3,.'.: IlS ‘^.OME 6.T- 505. 

STS 3 ^IF'48.7,M-IS.'4,»£ US ••4.935E S,T' 930. 

STS 3 HLF->«0.9,n»H.«f,f'E-HS •S.551E 5,T* 955. 

STS 3 »,LP-40.3,n-13.6,B£ HS •7.044E 5,T* 920. 

STS-3 f<LP-'j9.4,n*lc.9,FE-hS •V.'iVSE 5,T-1000. 



OH398 i^LP*40.0,P-8,«E-NS •1.050E 
OM3SB MLP-30.0,CI‘8,ftE -MS •C.033E 
UH398 rtlF-40. 0,r‘8,4£ t.S -3.HSE 
OH39B rtlP-40.0,r*8,«E hS •4.1S6E 
OH39B »«LP*4O.0,n-8.PE MS •S.248E 
Jh39B (^LP-40.0,t1-8,K£ t<5 •6.297E 
3H39B PLP-40.O,«'8,fi£ MS •7.7£7£ 



STS-5 UPPER CENTERLINE DISTRIBUTION 


O 


0H39B M.eSdE S 


STS ' 

mLP-4«.9,H«SS.3,PE-»iS 

•2.O80E 

4.-^- 

240. 

STS S 

hLf*J5.l, «•(•£,, 5, PE-HS 

•3.055E 

4.T* 

265. 

STS-5 

(iLP"4(<).3,n.26.8,PEHS 

- 4 . 097E 

4.T* 

235. 

STS-5 

ALP*40.3.n*26.7,RE-H5 

•S.093E 

4.T. 

305. 

STS-5 

AlP-'J3.7.n.26.3,RE-HS 

•S.030E 

4,T. 

335. 

STS-5 

PLP*48.«,n.2E.7,RE-MS 

•S.982E 

4,T* 

385. 

STS-5 

PlP‘40.a.H*25.«,RE-NS 

■8.dl3E 

4,T« 

445. 

STS-5 

ALP*40.e,M-24.3,RE-HS 

•8.956E 

4,T* 

495. 



6.0 0.2 0.4 0.6 0.8 1.0 


11 / 3/<4 

lAse Tine • e76BaEfc..*M ec. 


X/L 





STS-5 UPPER CENTERLINE DISTRIBUTION 


CH39B 

HLP*4a.e,n*8>£'N5 

•i.asdE 

S 

ETS-E 

hl.P-4e.4,l1-a3.6,P£-t(S 

■1.0I1E 

5,T. 545. 

Cli39B 

i(l.£-'*a.0,P-8,9E f-S 

•2.0S9E 

6 

9Ti-<; 

HLPMa.^.n-isi.a.PE-os 

■2.007£ 

6,T- 755. 

LH39B 

^Lf'*4e,a,r*8,;^£-i.s 

'3.149E 

5 

iTS-t 

mLR* 39,5,n*»7, » >F-MS 

•2.99b£ 

6,T. 840. 

CH396 

HLK>-ta, J,P‘8,«E l.s 

•4.198E 

5 

STS-5 

1 ,!10fc.a>£-M5 

•4.040E 

5.T. 295. 

CH39B 

hLF'-»0.a.n-8,WE-f,S 

•8.248E 

5 

iTS-5 

MLP«40.J,fn'lS.3,R£-HS 

•5.050£ 

5.T* 925. 

0M39B 

H»f"4a,d,«*a,RE hi 

'6.39VE 

5 

STS-5 

(iLP*3S.2,«*14.6,8E-t«S 

•S.02EE 

5.T* 950. 

CH336 

ALf-'4a.e,n>8,«£ («s 

•7.787E 

5 

STS-5 

STS-5 

jS.4,n-l3.9,P£-M£ 

£iLP*j8.6,H-l3.e,R£-MS 

•8.984E 

•8.03SE 

5.T. 970. 
5.T* 995. 



0 *e o.e e .4 e.e 0*8 1.0 


X/L 


n/13/84 

lASE tine • a7fi98501.«M $EC. 


o 


STs-a ons pod trace 3 distribution 


HF 


ALP--(iJ.0,r‘8.RE-hS *a.099£ 5 


STS-2 FiLPM0.8,H-a5.5,RE-HS 
ST9-a hlP»4«,9,n*a5.6,PE-H4 
£TS-a PLP'40.0, (1*26. 9, PE-HS 
5T£ a FtLP‘40.9,t1»ee. J,PE-MS 
£TS-2 PLP*40.9,n-2£.0,PE-f(S 
STS-a PLP*40.S,t1>aS.5,PE-MS 
STi-2 fiLP‘40.a,H-25.l,PE-H5 
STS a PLP'40.2,n*a4,6,PE-NS 


2.039E 

4,T- 280. 

3.023E 

4,T- 305. 

4.02SE 

4,T. 325. 

4 . 955E 

4,T- 345. 

S.001E 

4,T- 380. 

6.B42E 

4,T- 445, 

8.02&E 

4,T* 500. 

9.007E 

4.T* 535. 


10 


10 


10 



0.0 0.8 0.4 0.6 0.8 1.0 


11 / 13/84 

8ASE Tine . 87888238. 8M SCC. 


X/LP 



TgT wox NX ~ ^mmoo 


sTs-a ons pod trace 3 distribution 


I 


o 

o 


2 


hF 

hF 

rtF 

F.F 


HLP*40.0,‘1«8,RE-H5 -2 
ALF-'>d.0,r-8,«E t'S -4 
F>LF*-*«. 0 ,n‘ 8 ,«£-lo *6 
.^LF--»0.8,n*8,S£-t>S *7. 


»3S£ 5 

158E 5 _ 

897E 5 

•’67E S 


9T;-£ hLP* :'i.7,n•^^.3,R£ 
STE-c hLPH4.1,n-£;a.l,PE 
STS k ^(LP‘40.9,I1*17.8,P£ 
STS-E FiLP*<».5,nM6.0,P£ 
STS-c MLP--U.6.f1*H.a.fi£ 
STS-c dLP-^O.S.n-H. l,PE 
STS-2 PLP-j3.8,n-l3.8,P£ 
STS-E PLP-3S.7,H-1E.8.PE 


-MS .t.0w?£ 

5,T- 570. 

-MS ‘E.0I9E 

£,T. 8E6. 

-MS ‘E.&96E 

5,T* 930. 

-MS O.970E 

5,T^ 99E. 

-MS •4.959E 

E.T-J030. 

-MS ‘S.971E 

B,T*1055. 

-MS -7.096E 

e,T*1030. 

-MS .T.sasE 

S,T‘I095. 






0.0 0.8 0 .^ 0.6 0.8 1.0 


X/Lp 


n/i3/B4 

BASE tine > 275SM3fi.«M SEC. 







B-88 




STS-3 ons POD TRACE 3 DISTRIBUTION 

Q ’2.099£ 5 STS-i f.LP*39.6,W*£4. l.PE-NS -l.aeeE S.T* 585. 

n AL.p-ie.a.n-a.Re-MS -A.naE ?. sts-s RLP«39.7.ii*ca.7 . re-ms 5,t* 720 . 

^ ftF ftLPM0.0,,'\-8.RE-MS •6.297E 5 STS-3 RLP09. 3.M*17.7,RE r»5 *3.«a0£ S.T* 830. 

X HF rtLP*A0.0,n-8, RE-MS -7.767E 5 STS-3 RLP-Aa. 3.I1* 16. 3.RE-HS -A.0HE 5,T* 90S, 

STS-3 RLP*42.7.M*15.4.RE-HS •4.935E 5,T* 930. 

STS-3 RLP*40.9,n*l4.4,RE-NS "E-aSlE 5,T* 966. 

STS-3 <iLP*40.3.H-13.S.RE-NS *7.044E 5.T- 930. 

STS-3 PLP*39.4.n-12.9.RE-NS -T.aTSE 6 ,T* 1000 . 



d.0 6.?- e.4 0.6 


11/13/84 

K/L p BASE TINE • 0774S684.0M SEC 




B-89 



STS-5 OMS POD TRACE 3 DISTRIBUTION 

AF ALP«4O.0,n*8,RE-NS -e-eSgE 5 STS-5 hLP»40.S,l1»£6.3,fi'£-MS 4,T* 240. 

STS-5 AIP-39.J, 11*26. 5. RE-MS *3.056E 4.T* 265. 

STS-5 ALF*40.3.n*2£.E,PE-MS *4.097E 4,T* 285. 

STS-5 ALP*40.3,n*26.7.RE-IIS ‘B.eSSE 4.T* 30S. 

STS-5 ALP*39.7,(1*26.3,RE-HS *6.030E 4,T* 335. 

STS-5 ALP-40. 0,rt*2S. 7. RE-NS *E.932E 4 ,T. 385. 

STS-5 ALP.40.2,n*25.0,R£-h$ -B.OnE 4.T* 445. 

STS-5 ALP*40.0, (1*24. 3, RE-MS -B.^SeE 4,T* 495. 



e.0 0.8 0.4 0.6 0.8 1.0 


U/13/B4 

BASE TIK • 276B8S91.000 SEC 


X/LP 



OciO< 



STS-5 ons 

POD TRACE 

3 DISTRIBUTION 


H?" 

i;LP'40.0,r-e,Rt -tiS 

• a.essE 

5 

5TS-5 

fiLP-4a.4,n-£s.5,FE-HS -i-eiiE 

S,T- 54S. 

Mf 

A'_PH0.d,n«s,B£-hs 

•4.138E 

5 

£^£-5 

RLP‘4d..-.r'J'3.0,(<E-ilS •S.Oii7E 

5,T- 75S. 

fif 

MLP-40.0,n-6,Rt-r.5 

•6.a97E 

5 

STS- 5 

HLP-jSi.S.n-lT. J,PE-MS -S.996E 

5,T- 840. 

ar 

fiLF-40.0 n-a,»E hi 

•7.767E 

5 

ST£-5 

PLP*40. l,n-16.0,BE-t)5 -4.040E 

5,T« 895. 





STS-5 

MLP*40.i,(i-i5.3,PE-f(5 -s.eseE 

5,T- 925. 





STS-S 

ALP09.2,n*14.6,PE-MS '6.026E 

5.T. 950. 




. - - - 

STS-5 

hLP= ; 9.4,n-13.9,PE-MS =6.984E 

6,T. 970. 





STS-S 

RLP*38.6,H-n.2>E-MS •3.02EE 

5.T* 995. 



0.0 0.S 0.^ 0.6 0.8 1.0 


11/13/B4 

(ASE TINE • 87698591. ••• SEC. 


K/Lp 



APPENDIX C 

HEATING RATE COMPARISON AT 
WIND TUNNEL CONDITIONS - COMPOSITE FLIGHTS 



LOUER CENTERLINE 

OH49B ALP*4e.e.n*8,RE:-Ns 'i-aseE 5 

0H49B ALP‘3&.0.n*8,Ri:-t«C -t.KK 5 


•ur^ 









LOUER CENTERLINE DISTRIBUTION 





LOUER CENTERLINE DISTRIBUTION 











vx 


LOUER CENTERLINE DISTRIBUTION 








X'v 




LOUER CENTERLINE DISTRIBUTION 

0H49B ALP*4B,0,n*8.RE-N5 *7. ?67E 6 STS-2 «LP09.9,H*12.9,»»£-NS •7.662E 5,T-I09«. 

OH4SB PLP*95,e,(1-B,PE-NS •7.767E S STS-3 <«LP»39.6,n'13.2,PE-MS •7.S54E 5,T* 998. 

9TS-5 PLP*38.8,n*13.6,RE-NS •7.669E 5,T* 985. 










UING 50H SEHI-SPAN DISTRIBUTION 


O 


n 


0H39B ALP*40.0,ri>8.RE'NS •l.eSdE S 
0H39B ALP*3£.e,n>8,NE-NS ‘l-eSOE S 



STS-8 ^LP*39.4,l1>24.1,RC-hS ‘l.e^SE 
STS-3 ALP*39.2.n*24.«,RE-NS ‘1.6491 
STS-5 ALP-40.6,n*23.4,RE-NS •1.042C 


S,T* S8S. 
5.T« 520. 
5.T- 555. 



e.e 


e.a 


e.4 e.6 

x/c 


e .8 


1.0 


l |/| 3 <' B 4 

lASC TIIK . 87550235.000 5CC. 



o 

□ 


0H39B 

OH39B 


UING 50X SEMI-SPAN DISTRIBUTION 


ALP-^e.e.M'B.RE-Ns -B-esgE 
PLP*35.d,ri'8,pe MS ‘2.d99E 



5TS'2 #.LP-41.2,H*19.9,P£ NS •2.093E 
5TS-3 (.LP*39.8,n*c0.4,PE-HS •2.072E 
ST6-5 ^«LP-40.1,n*18.8,RE-N£ -a.BBSE 


5,V* 835. 

5. T- 730. 

6. T* 765. 



e.e e.a e.4 e.e e.s i.e 


x/c 


11 / 13/84 

BASE TINE • 87850838.00# SEC. 




XV 


UING S^H fCni-SPAN DISTRIBUTION 


0 

1 

o 


le 


1 


Q OH398 ALP*M«.«,M*B,«£-hS *3.H9E 5 ST5-2 ALP*<®.7,H»l7.6,Pe-NS *3.e84£ ti.T* 935. 

□ CH39B PLP-35.e.(1-8,«£-HS *3.149£ 5 STb-3 f*LP-39. 3.H. 17 .6.RE-MS O.egiE S.T* 835. 

STJ-5 #<LP*39.4,H-l7.e,PE-M5 •3.076E 5.T* 845. 




0H39B 

CH39B 


UING 50X 


SEMI-SPAN DISTRIBUTION 


g 


ALP<>te.e,n>8,RE-NS •4.i93E 5 

ALP*35.e,n>a,RE-t«S •4.198E s 


STS-a ftLP»4a.l,H-15.7,R£-HS 
STS-3 ALP-4a.8,H*16.1,RE-NS M.ia9E 
STS-5 PLP*40.6,M-15.9,BE-NS *4.164E 


5.T-108S. 
5,T> 910. 
5,T- 900. 



e.0 0.2 0.4 0*6 0*8 1*0 


11 / 13^84 

BASE Tine • 875(0830.000 SEC. 


x/c 



C-12 



UING SM SEMI-SPAN DISTRIBUTION 


OH398 ALPH«.«.f»*8,RE-hS ‘S-a^SE 
OH39B ALP*35.d.n>8. RE-US *S.a48E 


STS-2 ALP*4I .I.n»M.7.RE-M5 ‘S-ITIE 5,T*183S, 

STS-3 ALP»4a.2.M*l5.a,RE-HS -5.I4IE 5,T* 935. 

5TS-S ALP*40.1,«.1S.3,RE-MS *5.e50E S.T- 985. 





BASE TIRE • 


t 1/13/84 




C-13 


o 

□ 



UING 50JI! SEMI-SPAN DISTRIBUTION 

OH39B ftLP*4e.d,«*8.R£-MS -fi-aaVE 5 STS-a PLP*<«.5,»1-»3.9.RE-I4S *6.l9a£ S,T«l06e. 

0H39B PLP*35.9.n-8,RE-hS ‘6.a97E 5 STS-3 PLP*40,7,H-H.2.PE-HS ‘SaSSE S.T* 960. 

STS-S PLP-39. 4. n-H. 4. RE-NS •6.240E S.T* 955, 



e.e e.8 e.4 e.e e.s i.e 


^ . JI/I3/B4 

X/C BASE TIME • 27SS0B38.000 SEC 



PI-0 


o 

□ 



UING 50H SE(1I-SPAN DISTRIi^UTION 

0H39B ALP-4®. 0.n*8.RE-hS -7.767E 5 5T5-2 ALP-39. 9,I1- 13 .9.RF.-HS •7.663E 5,T-l«9e. 

0H39B ALP-35. 0,r(-8,RE-hS -7.767E 5 STS-3 ALP-33. 6. M-13. 3, RE-MS -7.554E 5,T- 999. 

STS-6 ALP-38. 8, n-l3. 5, RE-MS -7.669E S,T- 985. 



0.e 0.8 0.4 0.6 0.8 1.0 


11/13/84 

BASE TINE • B7SS«83fi.«M SEC 


K/C 



UING 80X PEMI-SPAN DISTRIBUTION 


O 

□ 


0H39B ALP«4rt.0,n*a,RE-NS •1.6S0E 5 

0H3iB ALP- RE-MS -l.»5»£ S 



STS-a ALP-39. •I, n*a4.l.R£-HS 
STS-3 ALP-39. a. n-24. 9. RE-MS 
STS-5 ALP-'40.6,M-a3.'4.RE-M5 


•J.049E 5.T- 585. 
•1.949E 5.T- Eae. 
•L.e^aE 5.T- 555. 



9.0 0.2 0.4 0.6 0.8 1.0 


U/ 13/84 

BASE TIHT • 87SSM36.M* SEC. 


x/c 





UING 80H SEni-SPAN DISTRIBUTION 


OH^QN 

ALP-40. e.tl-B.RE MS -3..'49E 

5 

STS-2 

ALP-40.7,H-17,6,R£-HS 

•3.084E 

S,T- 935. 

Oroyb 

ALP-3S.0,n-b,RE-nr' -3.n9E 

S 

STS-3 

ST5-6 

ALP-39,3,(1-W.6,R£-N5 

WLP-39.4,H-17.0,RE-MS 

•3.09IE 

•3.076E 

5,T- 835. 
5.T- 345. 



e.a 9,4 0,6 0,8 i,0 


11/13/14 

IA6C TINE • 87SSM3fi.m KC. 


X/C 


0H39B 

0H398 


uiNG sen 


SEMI-SPAN DISTRIBUTION 


O 


□ 


ALP-40. 0,n>8,RE-NS -4.198E S 
ALP-35. 0,ri-a,«E-hS -4.19a£ 5 


STS-2 ALP-42. l,n-15. 7, RE-hS -4.J54E 
5T5-3 ALP-42. e,M-lfe.l,RE-liS -4.L29E 
ST5-5 ALP-40. 6, 11-lb. 9, RE -ns -4.164E 


S.T-100S. 
5,T- 910. 
5.T- 900. 



0.0 0*2 0.4 0.6 0.8 1.0 


11/13/14 

lASC TINE . 876S0a3«.0M UC. 


K/C 




NX 


0 

1 

*o 




UING 80)( SE(1I~SFAN DISTRIBUTION 

O 0H39B ALP"4e.«.(1*8,RE-NS *5.248^ 6 6TS-2 ^LP*41 , »,f1-H.7,R£-HS ‘S.mE 5,T*1«3S. 

p OH39B PLPOS.e.n-B.BE NS •5.248E 5 ST5-3 fcl.P*42,2,n»»5.2,Pf-HS •6,141E S,T* 935. 

5TS-S <^LP*4e,l,nMS.3,PE-«S ‘S-eSBE S,T« 925. 










OOUJhOi. ~ XN 


8 


0H39B 

r'39B 


UING SEI1I-SPAN DISTRIBUTION 

rtLP i0.B,n-8,flE-NS -7.767P 5 5TS-2 (^LP»39.9,H*12.9,R€-NS •7.662E S,T*l«9e. 

f>LP-35.e,l1-a,k£ hi • /.767E 5 STS-3 ALP«39.6,t1->3.2,P£-HS •7.55« 5,T* 99«. 

6TS 5 P.LP*38.8,H«13.S,PE-NS •7.669E 5,T* 985. 



X/C 


11 / 13/84 

BASE TINE • 87SM838.8M UC. 


I 


C-22 


SIDE FUSELAGE (Z-400 TRACE) DISTRIBUTION 

Q 0H74B ftLP*<0.0,H'8,R£-NS -l-eSBi 5 5TS-2 ALP-39. J.BE-HS *1. 04V? 6,T- S85. 

□ 0H74B ALP-35. 0,H-8,RE-NS -1.050E 5 STS-3 ALP-39. 2, (1-84. 0.RE-HS -1.049C 5,T- 520. 

STS-5 ALP-40. 6, (1-23. 4. RE-MS -1.042E 5.T- 655. 



n/U<'B4 

BASE TIME • 875S0B3S.000 SEC 



C-23 


o 

□ 



SIDE FUSELAGE (Z-400 TRACE) DISTRIBUTION 

0HV4B ALP*40.»,H-8, RE-MS -E-dSaE V. STS-2 RLP*4l .2,MM9.9,R£-HS •2.093E S.T* 835. 

0H74B ALP-3S.0,I1*8. RE-MS ‘S.999£ 'I STS-3 ALP- 39. 8.(<l*20 . 4.RE-MS -2.072E 5.T- 730. 

STS-5 ALP-40.4,N-18.8,PE-NS -2.095E 6,T- 765. 



0.0 0.E 0.4 0.6 0.8 1.0 


11 / 16/84 

BASE TirtE . 87S50836.000 SEC 


X/L 



C-24 



SIDE FUSELAGE (2-460 TRACE) DISTRIBUTION 



I 

I 

H 




OH74B ALP*4«.0.H*8,R£-NS *3.H9£ 5 STS-2 hLP-40.7.«*17.6,RE-NS 5.T- 935. 

0H7<B ALP-35. B.n-B.RE-NS -3.M9E 5 STS-3 ALP-39.3,M-17.6,RE-HS -3.091E 5.T- 836. 

ST5-S ALP-39. 4. f1-l7.«,PE-NS -3.076E 5.T- 846. 



SIDE FUSELAGE (Z-400 TRACE) DISTRIBUTION 


O 

□ 


0H74B «LP*40.0,I1'8,R£-N5 •^.138E 5 
0^4748 ALP*35.3,n*8,RE-hS *4.198E 5 


STS-2 ALP-42. 7. RE-MS -4.154E S.T-1M5. 
STS-3 ALP-42. 8, n-16. t, RE-MS -4.129E 6.T- 910, 
STS-5 ALP-40. £,(1-15. 9, RE-MS -4.1£4E 5,T- 900. 



6.0 6*2 6*4 6.6 6*8 i .6 


n/tft/84 

BASE TINE • 87SS02M.0M SEC. 


X/L 



C-26 



SIDE FUSELAGE (2-460 TRACE) DISTRIBUTION 

Q 0H74B ftLP*-l®.«.l1-8.RE-NS -S-a^BE S STS-2 RLP*<1 . 1.M-H.7.RE-NS •6.171E 6.T.1B35. 

□ 0H74B «LP-35.B,n-8.R£-NS 'S.a^BE 5 STS-3 PLPH2.2.H- 1S.2.RE-MS ‘S.HIE 6.T* 915. 

STS-S PLP*4«.l.n*15.3.RE-NS ‘S-eSBE 5,T* 925. 



0.e e.a 0.4 0.6 0*8 1.0 


ll<'l€/B4 

BASE TIRE • a7SS«8W.m SEC 


X/L 



^rn»xvx ~ Tifynoo 


SIDE FUSELAGE (Z-400 TRACE) DISTRIBUTION 


O 

n 


0H74B ALP-40. e,H>8.R£-NS •6.297E 5 

0H74B ALP-3S.0.n>8,RE-NS -6.a97E S 


STS-2 ALP-40.5,H-13.9,R£'NS -C.IWE 
5TS-3 ALP-40. 7. n-H. 2, RE-MS -6.1S5E 
STS-5 ALP-39. 4. n-H. 4, RE-MS -e.240E 


5,T-t0£0. 
5,T- 980. 
S.T- 95S. 



a.O 0.8 0.4 0.6 0.8 1.0 


X/L 


n/ifi/M 

BASE TINE • 07SSM9S.000 SEC. 


I 






XSgQgUJU. 


SIDE FUSELAGE (Z-400 TRACE) DISTRIBUTION 


O 

□ 


0H748 ALP*4e.0,H*8,RE-NS -V.VfiTE 5 
0H7‘4B ALPO5.0 B'f.RE-NS '7.767E 5 


STS-a (.LP* 39 . 9 .«*ia. 9 .RE-NS • 7 . 66 aE 5 ,T-ie 9 «. 
STS -3 PLP- 39 . 6 ,n- 13 .e.RE'MS - 7 . 554 E S,T- 990 . 
STS-S PLP- 33 . 8 ,ri- 13 . 5 ,R- NS - 7 . 669 E S.T- 985 . 


o 

ro 

<£> 


I 


le 


Id 


Id 



d.d d.a d.4 d.6 d.8 i.d 


x/L 


lASE Tine • P7SS083«.000 SCC. 






8 


SIDE PLB DOOR (Z*44D TRACE) DISTRIBUTION 

0H74» ALP*4«.»,r.*8,Bl ns *2.099E B STS-8 hLP*Al .8.H*19.9.R£-NS •2.093E S,T* 83S. 

OM7-I9 ALP'3B.e,N>B,R£ NS •8.999£ S S1S-3 ALP*39.8.PI*2e.4,R£-NS •a.dTBE S,T* 730. 

6TS-5 NlP*40,4,n-18.8.R£-NS •2.09S£ 5,T* 76S. 



e .0 e.a e.4 e.e e«s 


11/10/M 

lAM TIW • 87MM10.000 08C. 


X/L 




{ilDE PLB DOOR (Z>440 TRACE) DISTRIBUTION 


8 


OH748 ALP'44.e,n>8,RE-HS O.H9E 6 
OH74B ALP>3S.0,n>8,RE-hS O.H9E S 


STS-8 #tLP«4».7,H'17.6,RE-NS 
STS-3 ^LP09.3,H-17.B,RC-M8 O.eSlE 
STS-5 ALP>39.4,n>l7,e,RE-N( O.BTfiE 


S,T* 936. 
S.T* 836. 
5,T* 846. 



0*0 0«8 0*4 0*6 0*8 1*0 

t 1/18/14 

•PSE riWi > 8786M38.8M KO. 


K/L 




C-33 





SIDE PLB DOOR (Z-Md TRACE) DISTRIBUTION 


8 


0H74B ALP<40.e,n*8,RE-HS •S.248E S 
0H74B ALPOS.e,n<8,RE-NS •S.248E S 



8TS-2 ALP*41.1.n>l4.7,IBE-NS ‘S.ITIE 5.T«ie35. 
STS-3 (iLP*42.2.n>IS.2.Be-NS •5.141E 5,T> 935. 
STS-S ALP*4«.l,n>IS.3,RE-NS •S.eSBE S.T« 925. 



e.d e.a 0.4 e.e e.s i.e 


X/L 


tl/lfi/B4 

BABE TINE • a75IM38.MB KC. 



C-35 



SIDE PI.B DOOR (2-440 TRACE) DISTRIBUTION 

O 0H7^B ^LP-«.0,H*8.fiE-NS -6.297E S STS-2 ALP-40. 6, H-J3.9.0E-NS -6.192E 6,T-10fi0. 

□ 0H74* ALP-36. 0.«-8,fi£-NS -6.297E 6 6TS-3 ALP-40. 7.H-14. 2, 0E-NS -6.165E 5.T- 960. 

STS-5 ALP-39. 4, n-H. 4, PE-NS -6.240E 5,T- 955. 



e.o o.a e.4 e.e e-s i*o 


1 1/18/14 

IA8C Tine • 87680838.000 8CC 


X/L 



ooliafcu. — XV 


SIDE PLB DOOR (2-440 TRACE) DISTRIBUTION 


O 


□ 


0H74B ALP«40.e,n*8,Re-HS •7.347C 5 
0H74B ALPOS.e.M'S.ftE NS '7.347E S 


STS-2 ALP>39.8,I1*13.S,RE-NS •7.098E 
STS-3 ALP-4®. 3. RE-MS -7.313E 
STS-6 ALP-38.9,11-13. 8, RE-MS -7.236E 


6,T-U8®. 
S.T- 985. 
5,T- 975. 


I 


le 


le 


Id 



0.2 0.4 


0.6 0.8 


1.0 


K/L 


11 / 16/84 

BASE Tine > e765®836.®®® 6EC. 


I 



C-37 




SIDE PLB DOOR (Z-440 TRACE) DISTRIBUTION 


n OH74B ALP-<e.0,M-8,R£-NS ‘7.767E 5 STS-2 ALP*39.9,M*12.9,RE-NS ■7.E62E S.T-1090. 

n 0h7<B AIP"35.0,(1*8,RE-NS •7.767E S STS-3 ALP'39.6,f1-t3.a,RE-MS •7.5S4E 6,T* 99B. 

5T5-5 ALP*38.8.«*13.5,RE-NS •7.669E 6,T* 935, 








■najXNX — *n^ioo 


UPPER CENTERLINE DISTRIBUTION 


O 

□ 


0 Ha 9 B ALP*40.e,n>8.RE-Ns 'S-esgc s 

0H39B PLP*a5.B,t1*8,RE-NS 'E-agBE 5 


STs-c; ^LP*<i.2.(iM,.9,PE-NS -a.egaE 
5TS-3 nLP'aQ.S.fl-ae.^.RE-HS *2.072E 
STS-5 ftLP‘40.4.nM8.C,RE-MS •2.095E 


5.T* 835. 
5.T- 730. 
5,T- 765. 


I 


le 


10 


10 


10 



0.0 0.8 0.4 0.6 0.8 1.0 


11/13/84 

BASE TINE • 27SSM36.0M SEC. 


X/L 



xs 


UPPER CENTERLINE DISTRIBUTION 


0 

1 

o 


1 




0H39B 

ftLP-40,e,«-8,(?E-NS O.HSE 

5 

_ ?T5-2 

ALP 

•4«.7, 

n*l7.6.PE-M5 

O.B84E 

5.T- 935. 

0H39B 

ALP-35. e,n*8,9E-hS -3.M9E 

6 

STS-3 

ALP 

•39,3, 

H-17.6.PE-NS 

•3.e91E 

5.T* 835. 



__ _ 

ST5-S 

ALP 

•39.4. 

n-17.0.RE-hS 

•3.075E 

5.T- 845. 



UPPER CENTERLINE DISTRIBUTION 


O 

□ 


0H39B ALP>4«.d,n*8.RE-NS •4.t98C S 
0H39B ALP«3S.e,H*8. RE-MS M-IBSE 5 


5TS-2 ALP*42,1.P-15.7,RE-NS 
5TS-3 RLPM2.8.n-l6.1.RE-NS 
STS-5 RLP*40.6.n»15.9,RE-NS 


•4.154E 5,T-l«eS. 
■4.129E 5,T- 918. 
■4.164E 5,T* 980. 



e.O 0.8 0.4 0.6 0.8 1.0 


U/13/B4 

BASE TIRE • e7SE8B38.8M SEC. 


x/l 



C-42 



UPPER CENTERLINE DISTRIBUTION 





Q OH3SB ALP-<«.e,n*8,BE-HS *5.2<8E 5 STS-2 BLPH J . 1 .II- M . 7,RE-t4S -5.171E 5,7-1835. 

□ OH39B rtLP>35.0,M-8.«£-HS -5.248E 5 STS-3 ALP-42. 2,11-15. 2, PE-MS -5. HIE 5,T- 935. 

STS-S ALP-40. l.n-lS. 3. PE-M5 -5.050E S,T- 925. 





oobjuil. — xvxonuu 


0H39B 

0H39B 


UPPER CENTERLINE DISTRIBUTION 


O 

□ 


ALP*'4a.e,n>B,RE-NS •6.297E S . 
ALP-35. 0,n-a,R£-hS -6.297E S . 


STS-2 ALP*<0.5.n-13.9,(»£-H5 •6.\9Bl 
STS-3 ALP*40.7.n-t4.2.RE-NS -6.165E 
6TS-S ALP*39.4,n-H.4.RE-HS -6.240E 


S.T*106e. 

5, T- 960. 

6. T* 955. 


1 



0.0 0.2 0.4 0.6 0.8 1*0 


lt/13/84 

BABE Tine • 878B0BM.0M BCC. 


X/L 



■ nm » XN.x — 


UPPER CENTERLINE DISTRIBUTION 


O 

□ 


OH3S6 RE-MS •7.76VE S 

0H39B ALP-3S.0,f1*8, RE-MS •7.767E 5 



STS-a RLP*39.9.(1Ma.9,PC MS 'T-fifiaE 
STS-3 MLP'33.6.(1-l3.a.RC-MS •7.SS4E 
STS-S HLP-3a.a.n*t3.S,RE-MS •7.Sfa9E 


?,T*1898. 
S.T- 990. 
<;,T* 985. 


I 


le 


le 


le 


10 



0.0 0.8 


0.4 0.6 0*8 1*0 


X/L 


ti / ll/M 

MSt TIM • 87IS00M.000 MC. 








r> 




I 

k 

I 

H 


OnS POD TRACE 3 DISTRIBUTION 


S,T> 9ld. 
S,T* 900. 


10 “* 


io-« 


10 "^ 

0 


8 


*4LP<4e.0,1*8,RC MS •4.19BE $ 

AF ALH>3S.0.n>8,RE MS •4.I38E S 


STS-3 ^<lP*4c;.3,n-16.1,R£-MS •A.U'il 
^TS-5 HLP-40.fc,«OS.9,RE MS 








ONS POD TRACE 3 DISTRIBUTION 


O 


□ 


liF ALP*4e.0,n'8,RE-NS S 

(^r ALP-35. 0,n-8,fi£-HS -7.767E 5 


5T5-3 AlP-39.9,n-l2.9,RE-N5 •7.652E 
STS-3 ALP-39.6,H-l3.S,Pf-MS •7.554E 
ST5-5 ALP-38.8,n-13.6,RE'N9 •7.659E 


5,T-te98. 

5. T- 99«. 

6, T- 985. 



0 t 0 0<2 9 »A 0»6 0*8 1*0 


1IM3/84 

X/Lp lAW TIflC • 87«SM3S.«M KC. 



APPENDIX 0 

HEATING RATE COMPARISON - 
INFLUENCE OF ANGLE OF AHACK 
(CONSTANT REYNOLDS NUMBERS) INDIVIDUAL FLIGHTS 




STS-a LOWER CENTERLINE DISTRIBUTION 








STS-4 LOUER CENTERLINE DISTRIBUTION 


O 

□ 

o 


0h<9B alp- 30. 8, n-8,R£-hS •7.767C 5 

0M9B ALP-^S.0,^1•8,ftE-^^S •7.76?£ 5 

0h<9B ALP-<0.0,rt-8,R£ MS -7.767E S 


STS-4 ALP-3l.5,n-ll .9,PE-HS 
STS-4 HLP-33.8,ff«11.8,P£-MS 
STS-4 ALP-^0.3,PI-i: .5.1-E MS 


8.412E 

5.T- 

97S. 

8.427E 

5.T- 

980. 

a . 408E 

5-T. 

990. 


10 


10 


10 



0»0 0.3 


0.6 


1.0 1.3 


X/L 


BASE TINE * lfi«40423.m SEC. 


0.4 


0.8 


STS-4 LOUER CENTERLINE DISTRIBUTION 

Q CH49B «LPO5.0.H-8,»iE-NS -7.767E 5 STS-4 hLf>02.4.n- S.0.RE-NS *2.33lE 6.T-1110. 

□ 0h49B ftLP-30.a,n'8.RE-NS -7.767E 5 STS-4 f.LP-32.0,11* 7.7,BE-NS •2.547E 6.T-1120. 

^ 0H49B rtLP*2S.0. (1-8, RE-MS -7.767E S STS-4 0LP-26.2.M- 7.4.RE-NS •2.838E 6.T-1130. 



e.e 0.8 0.4 0.6 0.8 1.0 1.8 


BASE TIK 


tl/13/84 

IM4B423.M0 SEC 








"wnxjXNX 


UING 50J< SEMI-SPAN DISTRIBUTION 


o 

0H39B 

ALH*'«0.0,ri-3,RE-H5 -3.149E 

5 

STS-5 

ftLPOQ.^.n.lT.B.RE-HS 

•3.076E 

S.T. 

84S. 

□ 

0H39B 

ALP*3S.0,r<8,S(E-rS ‘3.H9E 

5 

STS-5 

ALP*3<.8,rtM6.9.RE-MS 

•3.164E 

S.T* 

850. 

o 

0H396 

rtLP*45.0,n-8,R£-f(S O.HSE 

5 

STS-5 

ALP*43.6,n*16.7,PE-MS 

•3.473E 

5,T. 

885. 


0 

1 


le 


10 



0.0 0.8 0 .^ 0.6 0.8 1.0 


X/C 


11/13/S4 

BASE TINE • 2768KBl.m SEC. 










STS-' UING 50X SEHI-SPAN DISTRIBUTION 
















xs 






0-14 



STS-4 UING 80H SEMI-SPAN DISTRIBUTION 














XSXQOUU 


STS-a SIDE FUSELAGE (Z-400 TRACE) DISTRIBUTION 


O 

□ 

o 


0H74B ALPOS.e,n>8,RE-hS *2.e99E 
0H74B ALP*44.0,n>S,RE-NS •2.099E 
0M74B ALP*40.0,n*8.RE-NS *8.099E 



STS-2 #.LP-34.9.n-20.S,8E-MS *l.913E 6.T- 810. 
STS-2 ALP-45. 7, n«20.0,PE-NS -2.0S6E 6.T- 830. 
STS-2 ALP-39.4.n-l9.6,BE-hS -2.160E S,T- 845. 


a 

I 

t— . 

cn 


I 



0.0 0.2 0.4 0.6 0.8 1.0 


X/L 


11/16/14 

BASE TINE • 2765M3S.000 SEC. 







D-18 






XX — •n*nmoo 


STS-4 SIDE FUSELAGE (Z-400 TRACE) DISTRIBUTION 


0H74B 

ALP*30.0,H*8,R£-NS ■7.767E 

5 

ST'i-4 

ALP-31 .5, n-U .9. RE-MS •£.4ia£ 

6,T- 

975 

0H74B 

ALP«36.0.n-8,RE-HS -T-TSTE 

5 . 

ST5-4 

HLP-33.8.n-U.8,RE-NS -8.487E 
ALP-49. 9. 11-11. S.RE-NS -8.498E 

5.T- 

989 

0H74B 

ALP-40. 9, M‘8,RE-hS -7.767E 

5 

STS-4 

5.T- 

999 


le 


le 


10 



0.0 0.a 0.4 0.6 0.8 1.0 


X/L 


I1/U/S4 

tAse Tine • iM4«4e3.m sec. 















XN. 


STS-4 SIDE PLB DOOR (Z-440 TRACE) DISTRIBUTION 


O 


□ 


o 


0H74B ftLP*30.«,n'8,B£-MS •7.767E 5 
OhV" «LPO5.0,n-8,RE-hS •7.767E 5 

0H74I AIP«40.e,n>8,RE MS •7.767E 5 


STS-4 ALP*3I,S,M*U.9,RC-MS 
STS-4 ALP*33.8,n*U.8,(»E-MS 
STS-4 ALP-40.9,n*U.S,RE-HS 


8.4I8E 

5,T* 

975. 

8.487E 

5,T- 

980. 

8.408E 

5,T. 

990. 



0*0 0.2 0.4 0.6 0.8 1*0 


it' 8^84 

M«C TINE > )C04»483.0M KC. 


X/L 







XN. 


STS-a UPPER CENTERLINE DISTRIBUTION 

Q 0M39B ftLPO5.0,n-8,RE hi ‘2.699£ 5 STS-a OLP • 34 . 9, H*a0.5,RE-NS •1.9I3E 5,T» 8l0. 

□ 0H39B ALP*4S.0,H‘8,SE US *a.099E 5 STS-3 fcLP‘45. T.M-aB.B.RE-HS ‘2.0S6£ S.T- 830. 

X 0H39B ALP«40.0,n*8,M-US •3.099E S STS-a «LP* 39 . 4, M- 19.6.RE-NS ‘a-lbBE 6,T- 815. 



H/L 


n/13/’B4 

BOSE TIRE • BTSSMM.BM SEC. 








D-29 



STS-4 UPPER CENTERLINE DISTRIBUTION 





XN 


STS-4 UPPER CENTERLINE DISTRIBUTION 

Q 0H39B ftLPO5.0,H'8,R£-riS •7.767E 5 STS-4 ^LF-3a.4,M- 8.0,P£-MS -2.331E 6.TMH0. 

n 0h39B ftLP*30.0,n*8.R£-NS •7.767E 5 STS-4 (,LP-3a.0,l1* 7. 7. RE-MS •2.547E G,T*1120. 

^ 0H39B ALP*25.0,n*8,RE-hS •7.767E 5 STS 4 (:.LP*26.2,n» 7. 4, RE-MS -a-SSSE 6.TMI30. 



0.0 0.2 0.4 0.6 e.8 1.6 


X/L 


BASE TINE 


11 / 13/84 

1M40423.0M SEC 



— XNxacbJU 


STS a ons pod trace 3 distribution 


rtF 

rtLP-3S.»,P-8,Bt-hS »a.690( 

s 

ST5-2 

ALP*3'I.‘3,H"20.5,I»E-N6 O-StSE 

5,T- 81«. 

rtF 

rtLF-4e.ia.n-8,«E-ns -a.egQE 

s _ 

5TS-e 

mlp-46.7,m.2».«,pe-ns ‘a.eseE 

5,T- 330. 

rtF 

ALP*-«e.e,n.8,RE NS 'a-esgr 

5 

5TS-2 

rtLP*33.4,f1.|9.6.RE-NS -2.16eE 

5,T* 845. 


I 


10 


10 


10 


10 



0.0 0.8 0.4 0.6 0.8 1.0 


X/Lp 


11 / 13/84 

8«SE TinE • 87SS«a3C.M« SEC. 





oouiu.u — XNxnruMt. 


STS-5 OPIS POD TRACE 3 DISTRIBUTION 


0 

X 

1 


AF 

rtLP*-te.*».n.8.F?£-NS 

•a.099E 

5 

STS-5 

ALP-39. 4, n.l7.0,|iE-NS -3.076E 

5.T- 845. 

AF 

ALP-4®.3,ri-8,R£-hS 

■4. 198E 

5 

STS-E 

ALP-34. 3, M-16. 9, RE-MS -3.164E 

5,T- 850. 

F)F 

ALP«35.0,n«8,RE NS 

•2.099E 

5 _ 

STS-6 

ALP-43. 6, M-J6. 7, RE-MS -3.473E 

5.T- 865. 

AF 

ALP05.8.«.a,FJ£-NS 

•4.J98E 

5 




«F 

PLP-4e.0,f1‘8, RE-MS 

•a.099E 

5 




Of 

ALP-40. (8, n*8.HE-NS 

•4.198E 

S 





le 


le 


10 



0.0 0.8 0.4 0.6 0*8 1*0 


X/lP 


U/I3/B4 

BASC Tine • a7tMS9t.«M SCC. 



XN 





<.>ouji> u — xvxoaiju 


STS-4 ons POD TRACE 3 DISTRIBUTION 


AF 

ALP-3(J a,n-8,BE riS 

•7.767E 

5 

STS-4 

ALP*31 .S.n.ll .9,RE-MS .8.412E 

5. T- 

975. 


ALP*35-0,f1‘8,RE US 

•7.7E7E 

5 

STS-4 

ALP-33.8,n.ll.a.RE-HS .8.4a7E 

5.T. 

980. 

Af 

ALP-40. 0,fl*8, RE-MS 

■7.767E 

5 

STS-4 

ALP.40.9.11-11 .5.RE-NS •8.408E 

5.T. 

990. 







0.0 0.8 0.4 0.6 0.8 1.0 


X/Lp 


lASE TIRE 


U/I3/84 

lM4«423.m SEC 







APPENDIX E 


HEATING RATE COMPARISON - 
INFLUENCE OF ANGLE OF AUACK 
(VARIABLE REYNOLDS NUMBERS) COMPOSITE FLIGHTS 









XN 











NX 


o 



UING sex SEMI-SPAN DISTRIBUTION 

0H39B ALf‘*^U.0,r-8,«£-hS *7.7fi?£ 5 6TS-1 ^<LP09 . 0, M* U .S,R£-N5 .9.797E 5,T*U20. 

6TS-2 fiLP-i9.8,h-l3.e.«E-MS -7.090E 5,T*10B0. 

5TS-3 HlP»39.6,n*n.7,RE-NS •9.731E S,T*10^0. 

STS-4 ^LP-40.9,n*U .6,RE NS .B.^eSE 6,T* 990. 

ST5-5 NLP*38.8,n*l3.S,RE-N5 *7.669E S.T* 986. 



e.a e.4 0.6 e.8 i.e 


MSE TIME * •9048744. 0M SEC 


x/c 




UING 50>t SEMI-SPAN DISTRIBUTION 


O 


0H39B rtLP*35.0,n-8,R£-Ni •V.767E 6 


STi-1 f.LP04.8,M 
£TS-a PLP*35.8,I1 
STS-j fiLP-36.'3,n 
5TS-4 PLP-34.9,M 
STS-S PLP'35.l,n 


9.0,PE-NS •) .576E 
9. a. RE-MS M.601E 
9. a, RE-MS "t-CUE 
8.8.RE-HS -t.a^&E 
8. 5. RE-MS M.veaE 


6,T*1196, 

6,T-iai5. 

e.T'uae. 

£,T‘1080. 

6,T>1140. 



0.6 0.8 0 .^ 0.6 0.8 1.0 


11 / 13/84 

BASE Tine • 8M48744.8M SEC. 


x/c 



XN 



UING 50X SEMI-SPAN DISTRIBUTION 

Q 0H39B •7.76?t 5 STS-J «LP*3(a.e,n- 6.9,RE-H£ -a-SaSE 6,T*ia85. 

STS-a (iLPOd. 1,M* 7, a, RE-MS •a.718E 6,T-130«. 

STS-3 HLP*i0.a,n- 7,0, RE-MS *a.839E 6,T>iai0. 

STS-4 RLPOa.0,n- 7,7,RE-NS •a,547E 6.T-lia0. 

ST5-E HLP-30.£,fl- 7, 3, RE-MS •a.7SaE 6,T-M90. 



0.0 0.8 0.4 0.6 0.8 1.0 


11/13/84 

lASC TINE • 08049744.000 SEC 


x/c 


Tiw ax NX — ^mmoo 


UING 5054 SEMI-SPAN DISTRIBUTION 


O 


0H39B «LP-2S.e,n*8,RE-NS •7.767E S 


STs-j (iLP-as.B.n- 
ST5-C PLP-ES.^.tl* 
STS-3 ^LP*26.d,«* 
ST5-4 PLP*25.l,n* 
6TS-5 PLP»25.l,n* 


5.7. RE-MS 

6. 3. RE-MS •4.4S4E 

5.8. RE-NS •5.3S4E 

6.3. PE-NS •S.e79E 
5. 6. RE-MS •5.375E 


6,T-1348. 

6.T-1345. 

6.T-J278, 

6 ,r> 118 e. 

6.TM265. 


1 


10 


10 



0.0 0.S 0.4 0.6 6.8 1.6 


X/C 


lt/13/84 

IRK Tine * •M4S744.M* SEC. 



£-10 



DING 50)J SEMI-SPAN DISTRIBUTION 

Q 0H39B ALP-aa.e, PI-8, R£-M5 -7.767E 6 STS-l ALP-8a.0,PI- 3.6,RE-riS •1.467E 7,T-HSe. 

6TS-2 ALP-aa.8,PI- 4.8,PE-M5 -1.0a3E 7.T-M25. 

6TS-3 ALP-20. 4, n- 4,5,PE-H5 -I.J31E 7,T-1340. 

STS-4 ALP-19. 9, n- 4.4.RE-NS -1.195E 7.T-1270. 

STS-5 ALP-20. 2, PI- 4.4.RE-NS -1.H8E 7.T-I33S. 



0.0 0.8 0.4 0.6 0.8 1.0 


11/13/84 

BASE TIHE . 89049744. 0M SEC 


K/C 


UING SZ% SEMI oHAN DISTRIBUTION 

OH39B ALP*4e.e,fl-8,fiE-NS •7.767E 5 STS-1 ALP* 39.«, H- 1 1 .S.RE nS *9.797E 5.T-1129. 

STS-c ALP*3S.8,n*13.a,f?E-MS •7.090E S,T*ie8«. 

STS-3 HLP*3&.e,H-n.7,R£-HS *9.721E 5.T-1049. 

STS-4 alp- 40. 9, n-ll.S, re-MS -8.408E 5.T- 990. 

STS-5 .>LP-38.8.(1-13.5,RE-MS -7.669E 5.T- 985. 







UING 80H SEMI-SPAN DISTRIBUTION 

Q 0H39B ALP-35. 0,n'8,RE-NS *7. 767£ S STS-l ALP-34. 8, M- 9.0, RE-H5 -1.576E 6,T-n95. 

STS-a hLP- 35.S,(1- 9.2,fiE-«S -1.601E 6.T-I215. 

5TS-3 ALP-35. 9, n- 9.2, RE-NS -1.6UE 6,T-H20. 

STS-4 ALP-34. 9, n- 8. 8, RE-NS -J.849E 6.T-1080. 

5TS-5 ALP-35. l,n- 8. 5. RE-NS -1.762E 6,T-1140. 



0.0 0 .a 0 *^ 0.6 0.8 1.0 


n/13/B4 

K/C lASC TIK - e9049744.0t« SEC 



E-13 


o 


UING 80X SEMI-SPAN DISTRIBUTION 

OM3S6 i^LP*30.0,n-8.RE-»i‘i •7.767E 5 ST $-1 ftLP*3».0,M- 6.9,P£-H& -B.SBBf. 6,T*1885. 

STS-a <^LP*3®.l,n- 7.2,RE-H6 •a.7lEE 6,T*13M. 

STS-3 <iLP*3<i».2,n- 7.e,R£-H5 -a.239E 6.T-12J0. 

STS-4 #.LP-3a.0.H- 7.7.BC-NS •a.547E 6,T»lia0. 

STS-5 hLP"30.a,H- 7.3,RE-f)S •a.762£ 6.T-1190. 




X/C 


11/13/84 

BASE TINE • •9B49744.8M SEC. 





XV 










£-16 


O 



SIDE FUSELAGE (ZM00 TRACE) DISTRIBUTION 

0H7^fi flLH*40,0,n-8,R£ US •V.767t fa STfa f. hLP*3fa,S,n*l3.i», RE-IIS •7.090E 5,T*l«0e. 

STS-3 KUROfl.fa.MMJ.T.RE-riS *9.721E 5,T*104e. 

6TS-< f.Lf-'40.9,H-H .6,R£ IIS •8.408E 6,T» 9M. 

STS 5 hlf-'aB.B.nMi.S.RE-IIS •7,6fc9£ 5,7* 985. 






E-17 


o 



SIDE FUSELAGE (Z-400 TRACE) DISTRIBUTION 

OH74B ALP-3S.e,(1«8,R£-NS •7,767f. 5 6TS-J 9,®,B£-HS •l.676£ 6.TM195. 

5TS-2 >,LP05.5,n- 9.2.RE-HS •1.60IE 6.TM2J5. 

S76-3 >*LP*35.9,I1- 9.2.PE-KS 'l.bnE 6,T*I120. 

STS 4 PLP04.9,n- 8.a,PE-HS M.B43E 6.TM0B0, 

STS-S PLP*3S J.n- 8.6.P£-Mf •1.762E 6,T*1140. 



0.0 0.8 0.4 0.6 0.8 1.0 


11/18/84 

•0(8 TINC • ••040744.000 8CC 


K/L 




E-18 


o 



SIDE FUSELAGE (Z-400 TRACE) DISTRIBUTION 

0H748 •7.767E 5 STS-J ALP*3«.e,(1' 6.9,»»E-hS •2.8£2£ 6,T*I285. 

STS-c 7,2,RE-N5 •2.718E 6,T-13«8, 

- STS-3 hLPOe.g.n* 7.8.BE-MS ■2.839E 6,T-l2l8, 

STS-4 #,LPOa.0,M* 7.7,BE-HS •a.5<7C £,T-n28, 

STS-5 ^tLP-3«.c,fl‘ 7.3.RE-HS •2.76aE 6,TM>98. 



0.0 0.8 0.4 0.6 0.8 1.0 


IME TIM * tM^g?**.*** see 


X/L 



XN 


O 


SIDE FUSELAGE (2-400 TRACE) DISTRIBUTION 

0H74B ALP-26. e,n*8,RE-ll‘> -7.76VE 5 STS-J hLP- 26.2,M- 6.7,RE-HS *S.219E 6,T-»34e. 

— STS-2 ALP-25. 4, n- 6.3,RE-HS -<.46« 6.T-1345, 

STS-3 ALP-25. 9, (1- S.8.PE-MS -S.354E 6,T-I279. 

STS-4 ALP-25. 1,(1- 6.3.RE-HS •S.e79E 6,T-M8«. 

STS-6 ALP-25.1,11- 6.6, RE-hS -5. 376E 6.T-1265. 



0-0 0.8 0.4 0.6 0.8 1.0 


11/18/84 

IASI TIM . 8M4B744.8M ICC. 


X/L 








13-3 


o 



SIDE PLB DOOR (Z-440 TRACE) DISTRIBUTION 

0rt7« ftLPH0.e,«*8.RE-NS •7.767£ 5 ST5-3 ALP09.8.M03.2,I»E-MS •7.e90E S,T-I080, 

.. 5TS-3 PLP-39.6,n*U.7,RE-H‘» ‘9.721E 5,T-I04«. 

SfS-4 PLP--t0.9,H*H.5.BE-NS -a-^eSE 5,T- 99«. 

STS-5 filP-38.8,n'l3.6,RE-HS •7.6S9E S,T» 986. 





E-22 


o 



SIDE PLB DOOR (ZM^O TRACE) DISTRIBUTION 

0H74B ALP*3S.0,n-8,R£-NS *7.767E 5 6TS-J ALP04.B,«- 9.0.RE-MS *1.S76E fi,T*il9S. 

STS-2 ALPOS.S.n* 9. a, RE-MS ‘l-eeiE 6,T*I2I5. 

STS-3 ALP05.9,n* 9.2.RE-NS M-EME 6,TMI2e. 

STS-< ALP«34.9,N- I.S.RE-NS "l.E^SE 6.T*108e. 

STS-5 ALP*35.1,n» 8.5,RE-N5 •1.762E 6,T»1140. 



0.0 0.8 0.4 0.6 0.8 1*0 


11/16/84 

BMC Tine • •9849744. M* SEC 


X/L 



SIDE PLB DOOR (Z'MO TRACE) DISTRIBUTION 


O 


OriT-IB ALP*30.e,n*8,RE-NS •7.767E 5 


STS-I ALP*3d.0,PI* 
STS-e C(LP-30.1,M- 
5T5-3 hLP*30.a,H* 
6TS-4 ALP*3J.0,M- 
STS-5 ALP*30.2,f)* 


6.9,RE-HS 
7.e,RE-HS 
7.«,RE-ftS 
7. 7, RE -NS 
7.3,R£-NS 


•2.822E 

•2.718E 

•2.839E 

•2.547E 

•2.762E 


6.TM285. 

e.T'iiee. 

6,T*|2ie. 

£,T-tl2e. 

6.T-U9®. 








— • 

• ^ 

hhbhhmbhbbhh 




^ 

fiBHHHHHHi 



X 





\ 








^ 

\ 




o 

o 



{ 

O 






















c 

















-1-1 1 1 1. 1 1 1 J 

■->■1-1 t.M L i i 

-L-i-i-,1.1-1-1-1 .iJ 

1 1 1 1 1 » t 1 I 

-1.1 1 LI, 1111 


e.e 9,2 e.4 o.e a. 8 i*e 


X/L 


t 1/16/84 

•ME TtllE • •M4S744.«M SEC. 



E-24 


o 



SIDE PLB DOOR (Z-440 TRACE) DISTRIBUTION 

0H74B ALP*e5.0,n«8,Re-NS •7.767f S STS-1 <iLP-a5.2.n* 5.7,RE-NS *5.ai9E 6,T»134d. 

STS-a ALP-aS.^.n- 6.3,RE-hS •^.•IS^E 6,T-1345. 

6TS-3 (.LP*a5.0,H» 5.8.RE-NS *5.3S4E 6.T-1270. 

STS-4 ALP*aS.l,l1* 6.3.RE-HS •5.079E 6,T-1180. 

STS-5 RLP^aS.l.n- 5.6.RE-HS *5.3V5E 6,T»ja65. 





E-25 



e 




OOUJUU. — XS XQ g U JU, 


o 


UPPER CENTERLINE DISTRIBUTION 


0H39B ALP-40. 0,n*8,RE-NS -7.767E 5 


ST5-r ALP-39.8,H-13.2.PE-NS 
6TS-3 ALP-39.6,n-11.7.RE-HS 
ST5-4 ALP-40.9,t1-ll.5,RE-HS 
STS-5 ALP-38.8.n-l3.5,RE-NS 


•7.090E s.T-iese. 
•9.7aiE 6,T-104«. 
•8.403E 5,T- 990. 
•7.669E S.T- 985. 



X/L 


tl/13/84 

•ASC Tine • 27SSM36.tM SEC. 




UPPER CENTERLINE DISTRIBUTION 

OH3!JB ALP-35. 0,n-8,RE-f1S •7,7fe7£ 5 STS-1 hLP-34.8,n- 9.0.PE-M6 -1.576E 6.T-1195. 

ST3-2 ALP-36. 5, n- 9.2,fiE-fl5 -1.601C 6,T-1216. 

6TS-3 ALP-35.5,n- 9.2,»E'NS -l.SllE 6,T-I120. 

5TS-4 ALP-34. 9, n- 8.8.RE-NS -1.849E 6,T-1030, 

5T6-5 ALP-35. l,n- 8.S,RE'NS •1.768E 6.T-1H0. 







UPPER CENTERLINE DISTRIBUTION 


0H39B ALP-26. d.H*8.P£-MS •V.767E 5 


5TS-2 ALP-25. •4,(1 
6T5-3 ALP-25. 0,(1 


3if, •'3.CI\«C 

6.3,PE-h£ •4.4S4E 
5.B,PE «5 -6.354E 


STS-4 ALP-25. 1,(1- 6.3.PE-NS -5.079E 
6T5-6 ALP-25. l,n- 5. -.RE-MS -5.37SE 




6,T-1345. 

6,T-i270, 

6,T-tl8e. 

6,T-12bS. 







XV 












OOUAiU^ — XNXQOiJU 


OMS POD TRACE 3 DISTRIBUTION 


O 


ftF 


ALP*aS.0,n-8,RE:-NS -7.767E ‘J 


STS -1 hLP*25.a,n 
STs-a RLP*as.4,n 
STs-3 RLP*as.0,n 
STS-4 hLP-8S.t,n 
STS-5 ><LP«e5.l.n 


5.7. PE-M5 -S.aiSE 
E.I.RE'HS •I.IS^E 

5.8, RE-H<. ‘S.aSIE 
6.3.RE-MS •5.079E 
5.6.RE-NS *6.3751. 


6,T*1340. 

6,1*1345. 

6,1*1370. 

6,1*1180. 

6,1*1365. 


I 


10 


10 



0*0 0»S 0*4 0*6 0*8 1*0 


X/LP 


II/13/04 

IPSE line • 09049744.00# SEC. 


o 



OMS POD TRACE 3 DISTRIBUTION 

AF ALP*2a.5.f1>B,fiE-NS •7.767E 5 iTS-1 ALP-22. 6, d- S.e.P£-NS -7.7-4JE 6.T-137S. 

6T5-2 ALP-22. 9, «• 5.6,RE-HS -6.36eE 6,7-138®. 

ST5-3 ALP-22.5,n- 5.2.RE-HS -7.465E 6,7-130®. 

6TS->4 alp- 22. 5, n- 5.0,RE-H5 -8.346E 6,7-l2«. 

S7S-5 ALP-22.6,n- 6.1, RE-MS -7.486E 6,7-1295. 



d -0 0.8 0.4 0.6 0.8 1.0 


11/13/M 

IR6C 7IW • «»®49744.®®® WC 


X/Lp 



